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INTRODUCTION

The objective of this document is to describe the effort planned (as of

II October 1962)to design and develop the ApoLlo command module, service

module, and spacecraft adapter, and to integrate the lunar excursion module

(I_EM) into the total spacecraft design. During the period through 15 May

1965, effort wilt be concentrated on development of the basic spacecraft

systems. •This effort will culminate in manned earth-orbital _lights.

Specific plans for integration of the LEM and development testing of

the complete spacecraft will be added in a revision after the LEM associate

contractor, NASA, and S&ID representatives have established requirements

for this phase of the p'rogra-m.

The plans and schedules presented in this revision of the Program Plan I
also reflect the effort included in the firm cost proposal dated 30 October 1962. !This proposal is based on optimum design and development of the assigned

spacecraft modules to be compatible with the lunar orbital rendezvous

technique, l-_rdware requirements for this phase o£ the program are based I
on the following: i

1, NASAts TWX P1014452 and P082100Z £rom T. Marldey, Project Ji
Officer to E.E. Sack dated 10 September 1962. _,

;

2. A S&ID management briefing of MSC-ASPO management on !
19 September 1962 at MSC. This briefing proposed a reduction
of hardware quantities and certain simplifications.

q

3. A reduction of system Weight as submitted in SID 62-99-8 weight t

reduction report to NASA dated I0 September 1962. This informa- i
tion was also presented at the briefing at MSC on 19 September 1962.

This Program Plan is divided into three major sections: management

plans, technical development plan, and summarids of plans. Management

plans contain organization chartsB management concepts, master schedule
data, and sections on subcontractor control and associate contractor inter-

face procedures. The technical development plan describes the effort and

programs planned by each of the technical departments within engineering.

These plans are included in considerable detail, because they are not

contained in any other document. Summaries of plans contain condensations

of plans for test and operations, quality control, manufacturing, facilities,

and logistics. These plans reflect complete documents, but are included

herein to provide a comprehensive program plan.

SiP6Z-zz3 :.i"



NORTH AMERICAN AVIATION, INC. _i_; SpAcI_tmdlNI,_)IIMATIONS¥._I"EMSDIVISlON

I. MANAGEMENT

MANAGEMENT PLAN

INTRODUCTION

The purpose of the Apollo management function is to direct the
organization, planning, and performance necessary to accomplish program
objectives on schedule and within authorized funds. This section of the
Apollo Program Plan discusses and illustrates the concepts and plans that
have been formulated to carry out the S&ID Apollo program management
function. It includes explanations of ApoUo and S&ID organization, planning,
performance concepts, the S&ID procedural framework, and some special
techniques and procedures that are planned Ior use in maintaining a high level
of visibility and control of the S&ID Apollo Program.

ORGANIZATION

The Space and Information Systems Division (S&ID) of North American
Aviation, Inc., is organized to undertake tasks which range from study
programs to the development, production, and testing of complex space,
missile, arid information systems. For a large program, such as Apollo,
a special program-oriented division is established. A special division is
headed by a program manager and contains representation from all major
functional elements that are required for contract performance. The over-

all organization of S&ID is shown in Figure 1. It will be noted that
several program divisions exist at the present time, including the Apollo
Program Division. This division is headed by Mr. J. Paup, a vice
president of S&ID, who is responsible for the direction and integration of
all program functions. A detailed delineation of the Apollo Program Division
is contained in Figure 2.

A complete capabili_y has been provided by combining the talents of
eight major subcontractors with those of S&ID. The major subcontractors

will be responsible for development and fabrication of the major spacecraft

PI_fi_ING PAGEBLANK-NOT FILMED ,
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systems. S&ID will provide surveillance and will integrate the systems into
the design of the command and service modules of the Apollo spacecraft.
These major subcontractors are as follows:

Stabilization and control system Minneapolis-Honeywell

Service module reaction control The Marquardt Corporation

Service propulsion system Aerojet-G_neral Corporation
Launch escape motor Lockheed Propulsion Center
Environmental control system AiResearch

Electrical power fuel cells Pratt & Whitney Aircraft
Communications system Collins Radio Company

Earth landing system Northrop-Ventura

Development of the guidance and navigation system will be accom-

plished by Massachusetts Institute of Technology (MIT) under a separate
contract. SLID will maintain close coordination with MIT and will integrate

the guidance and navigation system into the spacecraft design. The
Rocketdyne Division of NAA will develop and fabricate the command module
reaction control system. Additional subcontractors who will develop and

supply important subsystems are as follows:

Ablative heat shield Aveo Corporation

Earth and post-landiiag battery Eagle Picher
Jettison motor Thiokol

Super critical gas storage Beech Aircraft

Anthropomorphic dummies Alderson Laboratory
R & D beacon antenna Melpar

Static inverter Westinghouse Electric Corporation

R & D telemetry Transco

Administration of the subcontractors and all interdivision work

assignments will be done by the Apollo Material Department. The Associate
Contractor Administration Office will coordinate S&ID activities with those

of the associate contractors.

PLANNING

Management level planning for the S&ID Apollo Program includes the

development of a program logic upon which each of the functional departments

can base its detailed planning. Over-all program requirements were

established by teams of NASA and S&ID technical management personnel

-9-
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and reviewed and approved by NASA and S&ID program management. The

Technical Development Plan, Section II of the Apollo Program Plan,

delineates the plans made by the various functional groups within the Apollo

Engineering Department in support of the over-all development logic. The

plans of other Apollo functions are summarized in Section III of the Apollo

Program Plan, but are detailed in the following documents:

Apollo Manufacturing Plan SID 6 _- 102

Apollo Facilities Plan SID 62-153

Apollo General Test Plan SID 62-109

Apollo Support Plan SID 6Z-70Z-I

Apollo Maintenance Plan SID 62-702-2

Apollo Training Plan SID 6Z-16Z

The S&ID Apollo task consists of translating a spacecraft system

concept into a workable hardware design. While there is considerable

analytical and experimental effort that precedes the detail design, much of

the planned program effort is associated with the spacecraft system design,
fabrication, and developmental testing which includes the major ground and

flight test progralns. Management level planning has produced the Master
Development Schedule which is included in this document as Figure 7.
This schedule serves as a base for all detailed functional planning. A

centralized planning group, part of Apollo Program Control, is responsible

for coordinating the preparation of the Master Development Schedule to
ensure that the requirements thus produced are within practical limits of

performance from all functional viewpoints.

The scheduling concept, which has been adopted by Apollo management,

will also employ the use of Vehicle Phasing Plans. One such plan is prepared

for each major test vehicle, showing more detailed requirements than can be

placed on the Master Development Schedule. These plans show engineering

support dates_ detailed manufacturing phasing, systems delivery require-

ments, test phasing, and launch requirements. Vehicle Phasing Plans for

all planned boilerplate and spacecraft articles are included in the Program

Plan as Figures 8 through 31.

After development logic and master schedules have been released,

each functional group is able to develop detailed planning information. One

key document published by Engineering further defines the mission and

- I0-
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configuration of each test vehicle. With this information, all functional
departments prepare detailed plans and obtain manpower and material
estimates for each task and sub-task. The resulting data is used to prepare
the firm cost proposal. The Apollo Contrac:s and Proposal Department
coordinates the preparation of all cost proposals. Ground rules and specific

guidelines for the preparation of cost proposals are communicated to all
concerned departments through the use of a plan of action document. This
document contains or references all applicable schedules and plans to be
used as a base for preparing cost estimates. A cost proposal coordination
committee reviews inputs from each functional department. When costs

appear to be e_cessive, this committee establishes and evaluates cost
reduction possibilities and recommends program changes to program
management, The Apollo Program Manager and Apollo Assistant Program

Managers review and evaluate the cost proposal and any changes that have
been recommended by tile cost propo..;al coordination committv_. The

program manager approves the cost proposal prior to submittal to NASA.
Program changes are communicated to the affccted departments and re-

planning is initiated as applicable.

PROGRAM PERFORMANCE

The third and probably the most difficult task of program management
is to ensure a high level of program performance. The groundwork for good

performance is set by organizational planning, selection of competent
managers, and clear-cut delineation of responsibilities and tasks. Managers
are expected to organize, staff, and direct their respective functional
activities and make decisions within their scope of responsibility. Because

of the complexity of the Apollo spacecraft and its mission, the efforts of
many functional groups must be coordinated to ensure a high level of contract
performance, l;'reqaently, program management must make decisions where
the consideration of two or more managerial functions are involved. Sound

management decisions and positlve program direction require an under-
standing of the over-all development logic and a comprehensive reporting
system. The reporting system must yield objective status information and
provide the necessary base to measure progress and assess performance
throughout all stages of the program. One of the major functions of Apollo
Program Control is to develop and implement a concept and techniques
that will provide the high level of program visibility necessary for
management to maintain control over all program elements that contribute
to performance.

Program performance is measured in terms of (!) technical
performance, (2) schedule performance, and (3) cost performance. These
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three are not independent; however, it is entirely possible to show good

performance in one and relatively poor performance in one or both of the
others, For the most effective management, visibility and status concepts
have been established, These procedures will permit early identification of

problem areas which, if not resolved, will contribute to poor performance
in one or more of the three major performance criteria factors_ The

techniques involve the accumulation and display of various types of current
information in a centralized location which has been named the Apollo

Program Operations Center. Some of the techniques to be employed in this
center are discussed in the succeeding paragraphs.

Program Evaluation and Review Technique (PERT)

One of the basic tools to be used in maintaining program visibility and

as,(,_sing performance will be the Program Evaluation and Review
Technique (PERT). A master visibility PERT-type network is planned for
display on a time-oriented magnetic board. This network will contain the
most significant events occurring throughout tire program. The format of
this chart is a modification of the NASA/PERT system, and it affords the
viewer an over-all view of the program logic. Close examination of the
chart will reveal the sequences of integral program activities and the
interrelationship and constraints between events. The program, as displayed.
will cover a six-year time span, with considerable detail in the first three
years. Periodic updating of activity status will be accomplished by program
control with the aid of reports from the various functional departments. This
information wilI be interpreted for its effect on corresponding sections of the

visibility chart. The magnetic character of the board will permit immediate
changes of displayed information, providing management with timely advice
concerning program progress and problem areas.

Hardware Status

A large portion of total program effort will be associated with the
major hardware fabrication and testing programs. Charts for each class of
hardware have _een established to show engineering design and manufacturing

completion status in relation to the schedule.

Facilities Status

The completion of facilities on schedule will be vital to the development,
fabrication, and testing effort. A char1 showing major facilities status will
be updated frequently to provide management with detailed visibility in
this area.

- 12 -
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D Cost Status

Funding curves and actual expenditures for each general order will be

displayed and maintained. Authorized expenditures and actual expenditures
for each functional department will be shown.

Critical Problems

Critical technlcal and administrative problems will be displayed.

Impact on the program and current action to solve the problem will also

appear, along with the names of the personnel who are responsible for

developing a solution.

Subcontractor Status

Major systems delivery requirements will be included in the manage-

mentlevel visibility network. Additional cost, schedule, technical, and,
administrative status charts for each subcontractor will be displayed in

the operations center.

Miscellaneous

Additional information, such as basic spacecraft configuration, weight,

and performance data, will be displayed for ready reference. Scheduled

meetings and related outside events will also be displayed. Other information,

pertinent to the maintenance of management visibility and control, will be

added when it is required by the developing program.

COST CONTROL

S&ID constantly monitors the financial status of its contracts through

the use of highly mechanized control and reporting systems. Coordinated

procedures for program and burden budgets, combined with intra-

departments. 1 labor and burden controls, provide a comprehensive and
effective cost control program.

Program Budgets

Program cost control is implemented at the inception of each major

program by the establishment of a budget and reporting system adapted to
the needs of program control groups, program and functional management,

and the division management. Management financial responsibilities arc

affirmed at each stage of the budget process. A program budget administrator

is established by the controller as a service to the Program Manager.

IO
-13.--
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Budget Establishment

Contractual funding is used as a basis for program budgets which are

established for each functional group or department. The budgets are

developed from the latest contractual documents for firm business and from

cost proposals or management approved plans for business not yet negotiated.

Budget allowances are revised for responsibility or task changes within the
framework of the original contract, as well as for changes in the contract

itself. All budget allocations are reviewed by and receive the approval of

the Program Manager.

Program Cost Plans

Functional responsibility areas provide forecasts of costs to contract

completion for incorporation into the program budget performance reports.
Forecast direct labor loads, projections of material and other direct costs,

and cumulative recorded cost information are fed into 1401 and 1410 computers

for processing, in conjunction with the latest approved forecasted rates for

direct labor, labor burden, material procurement costs, and general and

administrative costs. A resu/ting tabulated report, Con-Bud, provides

(1) cumulative costs to date, (Z) forecasts to completion by month and quarter,

and (3)total estimated costs at completion.

Budget Reports

A merging of the program cost plans (as reflected in the Con-Bud

Report) and the program budgets (determined from the budget documents)

provides the data required for the preparation of program budget performance

reports. These reports are issued for total programhours and dollars and

for each functional responsibility area by hours and other cost dollars. They

provide the following information:

I. Program costs to date

2. Budgeted costs for all work effort

3. Estimated costs to complete

4. Total estimated cost at completion

5. Variance from program budget

6. Funding limi_:.rions and requirements

Reports are distributed to the Program Managerj to the manager of
each of the functional responsibility areas, to the program budget adminis-

trator, and to others concerned with the program's financial status.

° 14-
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D B-X System

Currently in development is a revised prograr_ of data processing and

reporting called the "B -X'° (Budgets and Expenditures) system. Essentially,

the system combines the concepts of a data bank, responsibility accounting,
mechanized budgeting, and current reporting of interdivision effort on S&ID

contracts. It will permit a broader spectrum of customized control reports

for each area of responsibility, prepared from standard source data. The
ultimate objective is complete mechanization of contract cost reporting from

initial input to final reports.

Burden Budgets

Cost control is also provided for burden costs applicable to all programs

by means of a comprehensive burden budgeting and reporting system. Burden

budgets encompass all operating departments. The system employs flexible

budgets, accomplished by means of a fixed and variable trend allowance

applied to direct labor base hours as they are realized.

Trend allowances are determined statistically from past experience,

adjusted for organizational, cost, and task changes. Budget allowances are
limited by burden cost plans. These plans in turn are subject to burden rate

O limitations imposed by negotiated rates on current firm contracts and the

necessity for maintaining competitive rates on future business.

Burden budget performance reports are pro_,ided on a weekly basis for

burden labor and on a monthly basis for total burden costs. These reports

are shaped to each level of management and successively summarized

according to their areas of responsibility. The top executive officers receive

reports reflecting budgetary perfo.rmance for the entire division, delineated

by functional and program area.

The net effect of the burden budget system is to provide effective

burden cost controls, closely integrated with division profit and cost plans.

Intra-Departmental Controls

Functional and program areas also maintain control over direct labor

hours_ direct costs, and bu_'den effort in greater'detall than is provided in

the published budgetary performance reports. Adapted to their own require-
ments these controls measure performah¢-_ag ainst established departmental

rds in such areas as Manufacturing, Quaht_ Assu rance , Engineeringstand: " -_-_ °- " "

Laboratory, Engineering, and Logistics. Mechanized reporting systems have

been developed to meet some of these intra-departmental control activities.

Such programs supplement the division-wide financial reins provided by the

program budget and burden budget systems. _

- 15-
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D SaID MANPOWER LOADING

Planned manpower versus time for the S_ID Apollo program is shown

graphically in Figure 3. Total program requirements are represented by the
dotted line. Functional requirements which result in this total are stacked

in the following order:

Engineering

Manufacturing

Logistics

Quality Assurance

Quality Control

All functional manpower requirements include both planned on-site

effort as well as effort planned for Tulsa, Atlantic Missile Range (AMR),

.Tullahoma, and White Sands Missile Range (WSMR).

Manpower is computed on the basis of 160 hours per man-month and

is representative of the total hours planned for the contract.

CHANGE CONTKOL

As the program progresses, changes in the established systems,

spacecraft design', mission concepts and schedule objectives may be
necessary. One of the major management tasks is to determine the effects

of proposed changes on overall program performance objectives. Also,
{tom a contractual viewpoint, aU proposed changes must be assessed to
determine whether or not they fall within the scope of contract provisions.

Many of the proposed changes will be in the category of engineering design

changes. These proposed changes will be processed at SaID in accordance
with the divisional procedure entitled ,,Engineering Change Control." This

procedure is summarized in the following paragraphs_

Engineerln_ Change Control

SaID management decisions to approve or reject proposed engineering

changes are based on evaluation of technical descriptions. Requirements

for the development of these technical descriptions are outlined in detail in
SID Procedure C-432. This change control procedure will be applicable to

- - 16-
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D all pro'posed engineering changes which affect approved performance
specifications or other documents defining configurations, safety, inter-
changeability, reliability, costs, delivery schedules, or those which require
retrofit or rework of delivered articles.

All requirements for engineering design changes, regardless of
source, are directed to the responsible engineering design group for study

prior to the initiation of documentation and coordination effort. An
engineering change control function will be the focal point for all technical
information relating to engineering changes for the Apollo program.

Figure 4 illustrates the flow specified for processing technical
descriptions. It will be noted that regardless of where a change requirement
originates, it will flow through the responsible engineering design group.
Engineering Change Control will coordinate the change requirements with
other design groups, collect data, and prepare a technical change package.
Upon approval of the package by the chief engineer, Engineering Change
Control forwards the change package to the chairman of the Change Control
Board. The Change Control Board consists of representatives from Program
Contracts, Program Control, Engineering, Logistics, Manufacturing, Quality
Assurance, Administrative Support, Industrial Planning, Program
Purchasing, Specifications, and Integrated Facilities, as required. This
board determines (I) the effect of the change on work in process, spares,
material and equipment procurement, publications, program schedules, etc.;
(2) establishes the method for implementlng the change; and (3) authorizes
immediate release of the change, if the change is within scope of the contract.
If the change is determined by the hoard to be out-of-scope of the contract,
the board will authorize preparation of a proposal to the customer.

Authorization for Engineeri.ng Changes

Engineering effort to perform studies, prepare change proposals to
the customer or release engineering changes that affect approved performance

specifications, or other documents defining configurations, safety, inter*
changeability, reliability, costs, delivery schedules, or those which require
retrofit or rework of delivered articles, is accomplished only when authorized

by ApoIIo/S&ID management. An S&ID procedure, "Authorization for
Engineering Changes," establishes the requirements for the issuance of such
authorizations and delineates •the resultant actions. The Master Change

Record (MCR) is the basic form used in this procedure; it provides complete
documentary coverage of all phases of activity related to a given change. !
When authorized by the chief engineer, the engineering change control
function prepares an MCR. The MCR delineates the effort to be expended
and specifies inforrrmtlon submittal schedules or completion dates.

- 18-
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_: Completed MCR's are distributed using a standard list, including the groups
affected (Engineering, Logistics, Manufach_ring. Contracts and Pricing,

Quality Assurance, Material, Program Control, etc.). _.hen the chief

engineer authorizes immediate release of a change {within contractual scope}

or upon receipt of customer authorization to incorporate a change {outside
of contractual scope), the engineering change control function obtains

confirmation of change points from Production Planning, Manufacturing.

If subcontractor equipment is affected. Engineering Change Control

coordinates with Program _Vlaterial/Purchasing, to obtain confirmation of

subcontractor delivery schedules. Upon receipt of confirmations, a new or
re-_ised MCR is issued, showing the approved change points and authorizing

release of engineering designs. Upon receipt of an authorizing MCR,

engineering design groups prepare and release the required engineering

orders, drawings, and specifications. All engineering orders released
reference the authorizing 1VICR number. Other departments, upon receipt

of engineering orders, drawings, and specifications, function to ensure

proper incorporation of the change in accordance with established policies

and procedures.

Schedule Change Control

J As part of the overall performance evaluation and control, Apollo
program management has established a mechanism for processing, evaluating,

and approving those schedule changes which do not reflect poor performance
and which will not jeopardize completion of major milestones. Figure 5

illustrates the processing of all requests for formal schedule changes.

Requirements for schedule changes will usually originate in _ £unctional

department, which completes a Schedule Change Request form and forwards

it to Program Control. Program Control conducts a preliminary review to

determine the impact of the proposed schedule change on the program. Next,

Program Contracts reviews the change request and the Program Control
coxnments to determine the effect of the proposed change on contractual

requirements.

The Schedule Change Request is then placed on the agenda for the next

meeting of the Change Control Board. At this meeting, the Schedule Change

Request is introduced and the results of the prelilninary investigations are
discussed. The effect of the adoption of the schedule change is noted by

applicable functional representatives. Each Change Control Board member
receives a copy of the change request for review and approval or disapproval

by the cognizant manager. H all managers approve the change, Program

Control prepares and distributes a Schedule Change Notice. When one or
more of the functional managers disapprove the change, a special review is

scheduled by Program Control. If no approval is forthcoming at this review,
the Schedule Change Request file is forwarded to the program manager _s

office for resolution.

- Z0-
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Figure 5, Schedule Change Control Flow Chart
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D Contract Change Proposals (CCP's)

When desired program changes are found by the Change Control Board

to be outside of the contractual scope and provisions, a Contract Change

Proposal is prepared upon instructions from the Change Control Board
chairman. The basic procedure governlngthe preparation and submittal

is contained in an S&ID procedure entitled "Preparation and Submittal of

Engineering Changes to the Customer." A flow chart for processing CCP's
is shown in Figure 6. This same basic procedural framework will be

used for s11"ty1_es of contract changes that are p_oposed by S&ID.

MAJOR SUBCONTRACTOR CONTROL

Control of the major Apollo subcontractors is achieved by continuous

surveillance over the program activities through the utilization of monitoring

methods and procedures. Before the finalization of a definitive contract and
firm technical base-line, the following documents control the subcontractor

effort:

I. A letter contract is written, as a prellrnlnary contractual

instrument, which authorizes immediate commencement of

n_nu_acture of supplies or performance of services, including

but not limited to, preproduction planning or the purchase of

necessary material.

Z. A work statement and a procurement specification are prepared by

S&ID, outlining the scope of work and the system performance

requirements.

3. The subcontractor is required to prepare documentation reports in

the general categories of:

a. Contractual planning reports (program, test, manufacturing,

facilities, qualiflcatlon-reliability, etc.)

b. Contractual management reports (financlal, PERT, progress,

milestone, testing status, etc.)

c. Data reports (as required to provide program visibility)

This documentation is processed for an efficient and timely flow of

information to include in parallel documents required from S&ID by NASA.

Additionally, the subcontractor is responsible for the maintenance of these

reports through a revision system.

" - 2Z-
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Figure 6, Contract Chan_e Prop,)sal Flow Ch_rt
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D During the initial stages of the program, while the supplier is working
under a letter contract and specific funding, any changes outside the scope of
the technical statement of work must be authorized by the cognizant project

manager, as required by S&|D policies and procedures, All changes are
incorporated by amendment with NASA approval, according to S&ID policies
and procedures and the material department manual, During this stage, the
supplier submits the following types of management control data to the
material department:

1. Funding data: projections, expenditures, commitments

Z. progress reports

3. Milestone stat'ts and narrative variance reports

4. P_R'L' I_etworks, narrative and variance reports

Liaison is maintained through regularly programmed status briefings

and monthly coordination meetings with the subcontractors. These meetings
afford Apollo management and technical personnel insight into, and
understanding of. the overall project development. Particular emphasis
is placed o:t discussing problems related to end-item delivery requirements

I of S&ID.

Subsequent to the establishment of a definitive contract and firm

technical base, supplier control is accomplished by monitoring performance
by means of the project management team concept, which includes the
following key personnel:

I. A buyer functions as the s_tbcontract administrator, and as such,
he is the focal point of sappli(,r contact. In ti_e perfc_rmante of
this function the buyer surveys, negotiates, and administers the
contract. Fie calls •upon functional team members to solidify the
S&ID position and strives for bilateral agreements ltpon which
to definiti,_e and negotiate changes to the contract.

Z. A project manager is responsible to S&ID Apollo management
for over-all direction of the supplier's program. He is charged
with providing technical direction and, where necessary, is the
decision-maklng source for technical, as well as administrative.

• matters. It is his responsibility to erts_ire the delivery of
functionally qualified hardware on sched_tle and within authorized
funds.

- Z4-

SID 6Z- Z2 3



3. A design engineer is the focal point for all technical matters. He

will advise the project manager of the supplier's technical activity.

4 A quality assurance engineer is responsible for reviewing and

approving supplier quality inputs and maintaining quatityassurance
standards compatible with prime contract requirements. He will

monitor all quality aspects of the program and refer to the project

manager those problems that require his attention-

5 The reliability engineer is responsible for performing the

reliability functions.

6. The team coordinator determines status through management

control and technical liaison effort. He is responsible for

analyzing subcontractor reports and data, correlating technical

accomplishments with costs and calendar schedule, detecting

problem areas, recommending corrective action, and coordinating
solutions.

A resident subcontractor management office is maintained at each

subcontractor loca faun. The objective of this office is to utilize professional

contract management to ensure on-schedule performance within the terms

of the contract. This is accomplished by providing a coordinated team of

highly-qualified professional personnel at the subcontractor location. This
team is comprised of the following representatives: material, program

control, engineering, quality control, and others determined by Apollo

management. Funct'_oning with the project _anagement team, this group

provides on-the-spot surveillance of the subcontractor effort. The project
management team is informed of progress, status, and subcontractor

problems throuffh the resident subcontractor management office. Formal
documentation is also required. This documentation is reviewed by, and

made accessible to, S&ID functional groups, as indicated in the following

paragraphs.

Documentation requirements stipulate that the supplier submit to S&ID

various types of engineering .documentation for review, cognizance, and

appraisal. The project manager and his staff are informed, step-by-step,
on design development and test effort being performed at the supplier's

facility. Further engineering coordination is accomplished through design
evaluations, design review boards, constant evaluation by the design

engineer of the supplier's technical staff, technical representation at the

supplier's facility, monthly technical coordination meetings, and special

meetings-

- ZS-
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D S&ID manufacturing personnel review and approve
the sLtbcontractor's

manufacturing plan to assure the economical application of fabrication

processes.

Quality and reliability procedures and test plans are submitted for

approval to S&ID. Surveillance is maintained through reference test

reports and technical exchange meetings. Through inspection and acceptance
test criteria, personnel assure that the supplier delivers specified equipment.

S&ID GSE requirements personnel review andapprove supplier's
recommendations for GSE and also GSE hardware specificattions. Coordi-

nation is effected through technical exchange meetings and drawing reviews.

Training and maintenance data and spares are reviewd by logistics

personnel. Hardware lists are reviewed by a spares review board for buy
determinations. Subsequent to these determinations, hardware releases

are effected. Periodic provisioning and coordination conferences are

scheduled, as required.

The Apollo contract department coordinates, negotiates, and adminis-

ters the prime contract; and the Apollo material department is responsible

for guaranteeing that the subcontracts are compatible with, and support,

the prime contract.

ASSOCIATE CONTRACTOR ADMINISTRATION

NAA relations with associate contractors are administered through a

staff, Associate Contractor Administration (ACA)s estab|ished as a part of

the Program Manager's office. The function of ACA is to ensure that the

program technical requirements are met and the business policies of NASA

and the Company are observed in all relations with associates. Present

operating concepts and proceduresj as outlined in the following paragraphs,
have proved effective and form the basis for future ACA operations.

ACA is the principal point of contact with the associate contractors and
with NASA on associate contractor matters. Representatives are assigned

to specific areas of associate effort; each representative is responsible for

maintaining effective communication channels with NASA, the associate
contractorst and elements of the S&ID organization for the exchange of

technical and management information. The policies and procedures under

/,
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D which these representatives operate provide for keeping S&ID effort within

contract scope and for identifying the possible need for NASA direction on

specific matters.

The Manned Spacecraft Center (MSC) and S&ID are currently developing

an ApoLto interface procedure which, it is planned, wilt be applicable to the
interface coordination activities of MSC and the Apollo contractors. Sub-

ordinate procedures a applicable to S&ID's coordination with specific
associate contractors and approved by MSC, S_.ID, and the respective

associates_ wilt be issued as memorandums of understanding. With MSC

and MIT concurrence, S&LD wilt soon propose to replace the present

MIT/S&ID interface procedures reports, SID 62-270 and SID 6Z-271, with a

single memorandum of understanding. Such a memorandum has already

been proposed for the Convair/S&ID interface with respect to the Little Joe 11
effort. At this time, coordination with the Manned Space Fllght Center

(MSFC) and its contractors is governed by the procedure set forth in I_4SC
letter, ASPO/CSM 62-4, dated 21 September 1962. The letter, together

with procedures pertaining to MSC/MSFC Coordination Panels, appears to

satisfy present needs.

At Downey, an ACA representative is assigned for each of the following

associate contractor programs:

Navigation and guidance ,,

Launch vehicles (Saturn and Little Joe 11)

NASA Furnished crew equipment and instrumentation

Integration, checkout and GOSS

Lunar excursion module

_ ...... "_ In addition to the ACA personnel at Downey, the senior representative

_'_\_ in residence at MIT is provided by ACA. MIT also has a senior residento . |

representative at S&ID. It is planned that a szmllar exchange of senior
resident representatives will be effected with Grumman.

Where the need exists for continuous coordination between functional

elements of the S&ID and contractor's organizations, specialists will be

assigned as resident representatives to the c'ontractorts sites. One such

- 27 -
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assignmentDEngineering representative to MITmhas been made. A similar

requirement will be necessary for the SklD/Grumman effort. This require-
ment will probably be met through a series of short term assignments,

providing continuous engineering coverage by specialists with current

knowledge of spacecraft design progress.

INTEIIDIVISIONAL WORK AUTHORIZATION

.NAA skills and available equipment will be utilized in the Apollo

Program. Currently, there are approximately I00 interdivisional work
authorizations (IDWA) issued in the SkID Apollo Program. These range
from a minor IDWA for several hundred fabrication hours to a major IDWA

of approximately five million dollars for the reaction control motor.

SkID Procedure B-401, dated 1 December 1961, is the basic procedure

governing authorization and control of interdivisional effort. The Apollo

material department is responsible for monitoring and coordinating all

Apollo IDWA effort and receives weekly and monthly reports of the hours
and dollars status. Each IDWA has a designated coordinator responsible
for the effort at each division. Close control is exercised to assure that

task completions follow prescribed schedule. Open capacity and available
skills are maintained by the IDWA group to take advantage of special equip-

ment possessed by other divisions and which are not available at SKID.

Copies of all IDWA's are supplied weekly to the NASA resident Apollo

project office.

NASA- SkID INTER_ ACE

NASA has established a r_sident Apollo project office at the SR,ID

Downey facility. This office is analogous to the resident subcontractor

management offices malntained by S&ID at the various subcontractor

locations. Responsibilities of the resident Apollo project office include the

following:

I. To serve as a focal point of coordination between S&ID and MSC

on the ApoUo spacecraft

2. To administer and direct S&IDts technical effort in accordance

with technical guidelines established by the Apollo Spacecraft

Project Office (ASPO) in Houston

3. Be directl_ responsible for Apollo spacecraft reliability and

quality assurance programs

10
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4. To administer and direct S&ID's program management effort in
accordance with the management guidelines established by the

ASPO

5, Kepresent ASPO in negotiations or Contacts with the Western

Operations Resident Office.

The Resident Apollo Project Office is divided into four major functional

groups which report to the resident project ma .nager. These groups are

(1) administration, (2) engineerings (3) reliability and quality assurance,
and (4) manufacturing.

The administrative office serves as a point of contact between MSC

Fi_noial Management and Contracts and S&ID and coordinates with NASA-O

on accounting, overhead, special direct costs, and (_ther pricing and
contractual policies. This office also recommends cost control procedures
and monitors financial reporting with the objective of evaluating cost versus

performance for S&ID and their subcontractors. Additional functions include
monitoring documentation and the activities of the S&ID Associate Contractor
Relations Office.

The engineering office is responslble for monitoring S&ID Is engineering

D effort and evaluating their compliance with ApoLlo design criteria established
by the ASPO. This includes monitoring of systems design concepts and

informing ASPO of S&ID*s design and systems integration effort and desig-

nating problem areas that could affect schedule or performance. A second

major responsibility of this group is to provide assurance that NASA

experience applicable to Apollo is used by S&ID.

_'he reliability and quality assurance office will participate in the

preparation and approval of all quality control inspection plans and will
develop, document, and maintain a quality control inspection plan that will

be used by NASA-O inspectors for product verification of all phases of

inspection and testing of NASA articles used in the Apollo spacecraft. The

quality control group will continuously monitor and assess the effectivity of
S&ID inspection activity through personal investigations, and will review

Western Operations Office and other inspection agency evaluation. The

quality assurance group will participate with MSC operations and project

flight groups in establishing requirements for system and spacecraft check-

out procedures. The group will also monitor and evaluate adequacy of all
S_,ID articles during checkout of all components, subsystems, systems, and

completed spacecraft. The engineering reliability group will monitor and
evaluate the reliability and quality assurance efforts of S&ID and their

subcontractors during subsystem and component design activities and will

prepare periodic summary status reports to IV[SC°

- 29 -
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The manufacturing office will be responsible for the review and

D evaluation of S&ID's plans and operations in the areas of (1) production
control and programming; (Z) tool policy, design, and manufacturing;
(3) manufacturing facilities; and (4) manufacturing operations. The second

major responsibility of this group is to inform the ASPO of the status and
progress of S&ID's manufacturing effort.

I@
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PROCE DURES

Clearly stated, fully applied policies and procedures improve perform-
ance, reduce costs, save time, and promote effective use of management
ability by reducing the number of problems created through inconsistent
methods of operation. Written procedures are particularly beneficial when
an inflow of new personnel must be planned to meet program schedule
objectivcc. Particular attention has been given to reviewing and updating
established S&ID procedures to reNect the most recent concepts of organi-
zation and control and to meet the requirements of new programs, such as

ApoUo.

Since the procedural framework is an important part of the overall
management plan, a partial list of S&ID procedures is included for reference.
These procedures are effective for aLl programs including Apollo, except
where specific conflicts exist with the negotiated contract provisions.

GENERAL

A-401 S&ID Policies and Procedures

A-40I. I NAA Company Directives
A-401. Z Central Functional Area Manuals

A-40Z Organizational Planning
A-404. 2 Transmittal of Technical Data
A-407 S&ID Forms

A-410 Company Addresses
A-42Z Government Reports Coordination
A-424 S&ID Reliability Program
A-424. 1 Malfunction and Problem Reporting

A-424. 2 Supplier Analysis of Components
A-426 ReIease of Technical Information

A-429 S&ID PERT Programs

CONTRACTS

B-40I Interdivlsion Work Authorization

B-403 Transfer of Work to Integrated Facilities
B-406 General Orders and Sales Orders

. 83-
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B-411 Government Property

B-41 I. 1 Establishing Requirements
B-411.2 Procurement

B-411.3 Receiving

B-41 I. 4 Warehousing
B-41 I. 5 Maintenance and Calibration

B-411.6 Property Control Records

B-41 I. 7 Physical Inventory

B-411.8 Disposition

B-413 Government Property in Possession of Subcontractors

B-419 Loss, Darrmge, Destruction, or Consumption of

Government Property

E NGINEERING

C-401 S&ID Drawing Systems

C-401. 1 Standard Drawing Release System

C-401. Z Control Print System

C-401.3 Block Time System

C-403 Process Specifications

C-403. I Q aaiity Control Specifications

C-404 Procured Parts and Equipment Documentation

C-404. 1 Military and Standard Equipment Specifications

C-404. 2 Specification Control Drawings

C-404. 3 Procurement Specifications
C-404. 4 Approved Source Lists

C-405 Material Specifications
C-405. 1 Qualified Source List

C-407 Request for Drawing Change

C-409 Preparation and Release of the Interchangeability and
Replaceability Report

C-413 Laboratory Notebooks :
C-417 Preparation_ Releasej and: Distribution of Technical

Reports

C-431 S&ID Engineering Memos to Subcontractors
C-43Z Engineering Change Control

C_432. I Authorization for Engineering Changes (MCR)

C-43Z. 2 Preparation and Submittal of Engineering Changes
to the Customer

ACCOUNTING

D-40Z General Order Bulletins

D-410 Budgetary Controls
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PERSONNEL

E-407 Recruiting o£ Personnel

E-410 Equal Employment Opportunity

E-411 Standard Work Periods and Pay Provisions

E-414 Vacation, Sick Leave, and Holiday Allowances

E-417 Trips and Expense Reports

E-417. I Domestic Assignments

E-417. Z Domestic Field Service Assignments

E-417.3 Foreign Field Service and Related Assignments

E-417.4 Foreign Assignments
E-417.5 Down Range Assignment
E-417.8 Sea Assignments

E-418 New Hire Travel and Moving Allowances

E-42Z Training and Certification

E-4ZZ. 7 Product Support - Training

E-43Z Presentation and Appeal of Employee Grievances

MANUFACTURING AND FACILITIES

F-403 Change Verification Record

F-403. 1 Verification of Changes to Internal Parts of Assemblies

I@ F-405 Functional Testing of Division ProductsF-406 System Measuring Devices

F-408 Production Control Policy

F-408. I Fabrication, Assembly, and Inspection Records (Fair)

F-408.2 Withholding and Processing Defective Parts

F-413 Control of Dimensional Tooling

F-413.2 Manufacture and Control of Contract Tooling Master Parts
F-417 Control of Government-Owned Aircraft on Bailment Contracts

F-419 Master Blueprint Station

F-420 Procurement Control of Bailment Property

MATERIAL

G-401 Material Operations

G-40Z. l Procurement and Control of Nondimensional Tooling

G-408 Procurement Requests

G-410 Make or Buy Policies and Decisions

G-410. 1 Subcontracting of Major Assembly Units
G-410. 2 Minor Subcontracted Parts

G-410. 5 Purchased Labor

G-410.6 Supplier Pre-Award Survey

G-410.7 Major Subcontracting Source Selection and Proposal
Evaluation
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G-410.8 Evaluation and Selection of Suppliers for Minor Subcontracts
G-412 Receiving Mate rial
G-417 Sales of Government-Owned Property
G-421 Acquisitions and Receipt of Property Under Facilities

Contracts

INDUSTRIAL SECURITY

H-401 Security Regulations and Responsibilities
H-401.2 Control of Classified Documents

H-403 Dissemination of Technical Information to Other Companies
H-405 Closed Area Control

H-407 Identification Cards and Badges
H-408 Removal of Property From Company Premises
H-419 Locking Equipment

QUALITY ASSURANCE

3-405 Corrective Action

J-405. 1 Ch_ality Verification Testing
3-406 Product Serial Numbers

J-412 Withholding Items Froni Use

r j_413 Quality Performance

J-415 Inspection Records
J-416 Material Review Board

J-417 Quality Control Purchase Order Review

LOGISTICS

K-406 Stock ' eplenishment Spares

D
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II. TECHNICAL DEVELOPMENT PLAN

INTRODUCTION

The Technical Development Plan is an integral part of the Program

Plan and is presented in accordance with part 4 of the Project Apollo

Spacecraft Development Statement of work, 18 December 1961. In the present

issue of the plan, emphasis is placed on approaches to systems design and

development. Other technical areas associated with Project ApolLo are

presented to acquaint the reader with the technical scope of this project.

This issue includes a complete revision of the Technical DeveLopment

Plan incorporating the approaches of technical development in flight

technology, simulation, life systems, flight systems, GSE, training

equipment. GOSS, and testing.

The general hardware makeup of the Apollo design analysis and test

article development program wilt consist of 7 engineering simulators,

8 mock-ups, 15 boilerplates, and 9 spacecraft, through a second manned

flight (airframe 011). This makeup is a result of direct negotiations
with NASA.

D
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APOLLO DEVELOPMENT PLAN

The objective of the Apollo spacecraft is manned lunar landing and
lunar surface exploration through the use of the lunar orbital rendezvous

technique. The spacecraft will be designed to accommodate a lunar landing

mission duration of 14 days maximhm, including a maximum lunar orbit
duration of seven days.

As illustrated in Figure 32, the program to accomplish this objective

is multiphase with firm short-term and tentative long-term developmental

approaches for manned landing on the lunar surface and return to earth.

This Technical Development Plan encompasses a firm plan for the Apollo

spacecraft development and qualification through first manned earth-orbital

flightand tentative plans for succeeding effort.

Utilization of the various launch vehicles for Apollo spacecraft

qualifications is illustrated in this plan to demonstrate the developmental

format for manned lunar landing and exploration.

D
The Apollo development consists of three consecutive, closely related

phases to accomplish manned lunar landing and exploration. These are

(I) manned earth-orbital qualification, (2) lunar qualification, and (3) lunar
missions.

A firm program has been established for the earth-orbital qualification

phase, during which the spacecraft systems will be developed and qualified

prior to the first manned orbital flight. Prior to full systems qualification,

intermediate technical development operations must be performed to ensure

meeting the required high mission reliability. Spacecraft simulators,

mock-ups (Figure 34), boilerplates, and spacecraft test articles for systems and
structural evaluation, module compatibility demonstration, operational

procedure and technique development, and systems qualifications will be

employed during this _hase. Subsequent effort to be performed for the

other development phases are illustrated in Figure 33. Launch vehicles
presently programmed for this phase are Little 3oe II and Saturn C-I.

The program will include a series of ground tests and launch flights,

fully integrated in both function and schedule, leading to complete
qualification for the manned flight.

iO Ground tests, using boilerplate-type spacecraft began on17 September 196Z with a series of land-water impact tests.
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Figure 33. Apollo Spacecraft Development Schematic
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Figure 34. Mock-ups (Sheet Z of _-)
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IO The long series of abort tests will begin in mid-1963. This phase will

be conducted using both boilerplates and spacecraft. The program will begin
with the abort tests, which will include the pad abort and max q high-altitude

aborts to evaluate and qualify the structural integrity of the command module

and_aunch escape system function using Little Joe II at the White S_.nds

Missile Range.

Coincident with the abort tests which start in May 1963, the flight tests

to develop and qualify all the modules and systems of the spacecraft will

begin. The modules qualified will be the command and service module. All

the systems will be qualified not only for function and reliability, but for

integration and compatibility. This series of tests will culminate in the
first manned orbital f.light in March, 1963.

Initial manned earth-orbital missions will consist of low-altitude _

orbital flights of up to two weeks _ duration. In the lunar qualification phase,

the lunar excursion module will be employed to develop rendezvous, docking, _,
and escape transition operations in space.

The lunar mission phase will involve further development of the
command and service modules, closeup reconnaissance of the lunar surface,

and lunar landing. The C-5 launch vehicle will be emplo_'ed for these
manned lunar missions. The lunar landlng mission will utilize the

lunar-orbital-rendezvous technique, and will involve the command module,

service module, adapter, lunar excursion module, and a C-5 launch

vehicle. Spacecraft configuration and specification in/ormation for this

mission is shown in Figure 35.

"-- Manned lunar missions will start in early 1967. The target date for

_- the manned lunar landing is mid-196?.

=
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MISSION PHASE ] PROPULSION (FIr/SAC) SIC 'WEIGHT0..B)
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EARTHBOOST TO ORBIT (100 NAUT MI_j C-S (STAGES1,2,3) 29,540 6,000,000 J|TRANSLUNARINJECTION (MAX) i C-5 (STAGE3) 10,446 275,S31 II
lrRANSLUNARMIDCOURSE S/M 310 86,N0 II

LAUNCHVEHICLE:SATURNC-5 LUNAR ORBITINJECTION _ S/M 4,m _,1_o II
LUNAR ORBITTRANSFER ": UEM 415 25,000 ||
DE-ORBIt AND LANDING _ Lee 7,33O _,996 II

STAGE TI_UST (LB) ISp (SEC) LUNARROOST TO ORBIT ' LEM 6,660 8,'768 Jl
ORBITTRANSFERAND RENDEZVOUS _ LEM 220 4, 545 nJ

S.-IC 7, SO0,O00(eL) 263.58 (SL) $/C RENDEZVOUS (LEMPICKUP) _ S/M 660 31,770 III
S-II I, 000,000 424 TRANSEARTHINJECTION _ S/M 4,395 29,400 III
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.APOLLOSPACECRAFT----,

• SERVICEMODULE: MISSION:
GROSSTAKE-OFF WEIGHT 53, 290 LB LUNAR LAI_,DING MISSION UTILIZING THE LUNAR ORBITAL

I_OPELLANT (MAX) 41,7g0 in

S/M SYSTEMS: • ' _;,

:j1 SERVICEPROPULSION- LIQUID-FUELED, PRESSURE-FED, ?
,J L NON-THROTTLEABLEENGINE WITH GIMBALSFOR THRUST 26 IN. DIA---e.

VECTORCONTROL, EXPANSION RATIO 60,'1 : 33 Ft"
PROPELLANTE_

OXIDIZER NITROGEN TETROXIDEN20 4 ' ' m:_"

FUEL 50/50 UDMH AND NZH4 ,. ._

TRANSLUNARINJECTION TO ENTRY. THE SYSTEM i ]"
CONSISTS OF:.
ausvST ,ROC.T ,GINES,SVSTE. cc*NO.,.lu. psIO . .ODULE
OXIDIZER N204 5PACE_IkFT -- tFUeL e.va, | _ |
THRUST 100 LE AT LAUNCH

COMMUNICATION AND INSTRUMENTATION -
HIGH-GAIN ANTENNA FOR 2-WAY i SERVICE --_ 154 IN. DIA ._-
VOICE, TELEMETRY,TV, Z-WAY TRACKING AND RANGING _ MODULE

STRUCTUR_U.- DESIGNED TO WITHSTAND BOOST LOADS

SYSTEMSS/, CONTAINS SPACERADIATORS,WATER
SUPPLY, ASSOCIATEDCOMPONENTS

ELECTRICALPOWER- DIERNEDUNDER $/C SYSTEMSS/M . "

'
• I. .... ,J

CONTAINS 3 FUELCELLS :i LUNAR ._7__.._ -LUNAREXCURSIONMODULE/ADAPTER EXtruSION

AI,,D f l/WEIGHT (W/O ADAPTER) 24,460 LB(UNMANNED) i ADAPTERADAPTER 3, 260 _ .....

USABLEFROPELLANT(LEM) 15,880 _ (ESTIMATED) _ --r--._-.a

-_.-" LEM SYSTEMS; ADAPTERSYSTEMS: ..c/'' '_u. _

G&N (4 AT 2K libTHRUSTEACH)
ECS INSTRUMENTATION ! _ 260 IN. DIA-me.

RCS ELECTRICAL

"_'. REOPUI,51ON STRUCTLJRAI.

c & I I SICGROSSTA_-OFF"V,IEIGHTIMAXI•SCS
SEPARATION _ SIC CROSS INJECTEDWEIGItT (MAX) -
IN-FLIGHT IT_T
STRUCTURAL I
ELECTRICALPOWER j

COMMUNICATIONSANDINSTRUMENTATION _ '_
_NCE

VHF-FM TRANSMIlfTER 225-2_10MC _ l0 W
LSION (FT/SEC) S/C WEIGHT (LB) VHF.-AM TRANSCEIVER 2_ MC 10 W TEl

DSIF TRANSPONDER TA
_,ES1,2,3) 29,540 6,000,000 RECEIVER(P. & FM/PM) 2110-2120 MC
._E3) 10,446 275, 531 TRANSMITTER_M OR FM) 2200-2400 MC 200MW

310 86, 740 POWERAMPUFIER : 20 W ELEC
4e028 84, 160 PERSONALCOMMUNICATIONS

415 25,000 (P_,RTIALLY NASA SUPPLIED) - ! FU
7,330 23,996 VOICE 243MC " 10MW tO
6,660 8.7_ OPTIONAL POWERAMP 243MC 5 MW

220 4, 545 TELEVISION 225,-250MC : 200 MW
660 31, T/O C-BAND TRANSPONDER 5.4-5.9 KMC 2.5 KW TC3

4,395 29, 400 VHF RECOVERYBEACON 243 MC(1OOW FUILSED)_ I W (CW) w_e
310 19,820 HFTRANSCEIVER(VOICE) 2-10 MC : 10W PEAKENVELOPEPOWER IN

, , RECEIVERffONE) 2-10 MC S W PEAK OL

?
!
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NORTH AMERICA

APOLLOSPACECRAFT

__ LAUNCHESCAPESYSTEMIASSOCIATEDWIIH CIMh

NG MISSION UTILIZING THE LUNAR ORBITALRENDEZVOUS (1.OR)MODE TAKE-OFF WEIGHT 6600 LB

_j CA_AM.EOF PAD ,ABOAIrUP TO 4000-FT ALTITUDEAND 301

SYSTEMCOHSIS_ OF:

NOSE CONE
26 IN. DIA TOWERASSEMM,Y

Fir PITCH CONTROL MOTOR 4,000 13 THRUST

__' 1 JETTISON MOTOR 40,000 1,8THRUST

LAUNCH ESCAPEMOTOR 120,000 LBTHRUST
BALLAST 277 IA WEIGHT

t 4 T COr,_ANt)MODULE:

COMMAND -'J[-'P,"_ _L --'L GROSS TAK_--OFFWEIGHT 8490 _ (WITHOUT CREV

MODULE
HFT _____ SYSTEMS::

. 24 FT LAUNCH'ESCAPESYSTEM- DEFINED ABOVE
STRUC_ AND HEATPROTECTION-DESIGNED TO

SERVICE --_ 154 IN. DIA _ 82 FT WITHSTAND BOOST AND ENTRY LOADS.
MODULE HEATSHIELD

J CHAERING-TYPE ABLATIVEMATERIAL

- CREWSYSTEM-
/ -, PEeMmcrewTOCON,_OLs/c. co_,_uNl_TEv

/ \ EACH'OTHER, GOSS AND tHE LEM AS NECESSARySYSTEMCONSISTS OF:I t
CONTROLS AND DSFLAY+SO PANELS)I t

L..... J AlgAL EQUIFMENT (VHF/OSIF)

EXCURSION "';--'_'" _! _IILoE33G LIGHTING (FIXED'AND PORTABLE)• COUCHES ( 3 REQD, ! Rr_AOVABLE)

MODULEAND _ _ _ 29i ' --.L___33"_IN_ PElISONAILFOODMANAGEMENTHYGIENE(iNCL. DISPOSAL)

ADAPTER j IL.... -1 _ BIOMEDICAL EQUIPMENT

1 ..c;" %_1. " WATERMANAGEMENT , .

"'--_ WASTEMANAGEMENT _L]ID AND LIQUID)

SIJAVIVALEQUIFMENT (COLLECTIVE)
SPACESUIT ASSEMBLYCOhlSISTING OF:

PORTABLELIFESUPPORTSYSTEM
FRESSUREG._e,RMENT ASSEMBLY

CONSTANT WEARGARMENT
ENVIRONMENTAL CONTROL SYSTEM_CS)

DEFII_IEDUNO_R SPACECRAFTSYSTEMS

SIC GROSS TA_'0FF]NEIGHT IMAXI " 96,100 LB IN FLIGHT TESTSYSTEM(IFIS)DEFINED UNDER SPACECRAFTSYSTEMS

SIC CROSS INJECTED WEIGHT (MAX) = 90,000 LB

SICSYSTEMS

TV Dee.PATet2ER_vm/sec ENVIRONMENTALCONTROLSYSTEM
RESOLUTION SO0LINES/flUU_

10 W TRANSMITSTIJROUGHDSIF MISSION 14 DAYS
10 W TELEMETRY _ 8.811'WORDSAT 32K BITS/SEC CABIN FtlesSURE(ECSACTIVE) S TO 15 PS

TAPERECORDER 14 CHANNELS CARIN '_.MPERATURE 75:1:S F
flELATI'_FEHUMIDITY 40-70%

200 MW TOTAL HEATABSORPTIONRATE IOta0008TU_w ELECTRICALPOWER
0 2 PARI'IAL-FRESSlJRE 233 MM HG

FUELCELLS 3 CELLSTOTAL CO2 PARTIALPRESSURE 7.6 MM HG

10 MW TOTAL REACTANTS H2 (80 LB) 0 2 OUTPUTRATE 5.4 LBS/DA'5 MW
_0 MW 0 2 (580 LB) CO 2 INFIJT ABSORPTION RATE 6.9 LBS/DA'
2.5KW TOTAL OUTPUT POWER(2UV DC) 4500 W MAX

I W (CW) WATER PRODUCTION 1,7 LB/HR (AVG)

IO W PEAKENVELOPEPOWER INVERTERS(3 REQD) 3 PHASE, 400 CP$, Y
5W PEAK OUIFUT I_t,/ER 115VAC I KVA EACH
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' I
ISCAPESYSTEM(ASSOCIATEDWITHCIMi:
i:F WEIGHT 6600 LB

i OF PAD ABORTUP TO 4000-FT ALTITUDEAND 30O0.'FTDISPLACEMENTAT AFOGEE
CONSISTS OF:

CONE
RASSEMBLY
CONTROL MOTOR 4,000 U. THRUST

iON MOTOR 40,000 LBTHRUST
,ICH ESCAPEMOTOR 120,000 LBTHRUST
AST 277 LBWEIGHT

DMODULE:

T_I(£-,OFF WEIGHT 8490 L8 (WITHOUT CREWAND WITHOUT LES)

S:

_ICI'(ESCAPESYSTEM- DEFINED ABOVE GUIDANCE AND NAVIGATION (G&N)
CTURALAND HEATFROTECTION-DESIGNED TO MAJOR FUNCTIONS ARE:
ITHSTAND BOOST AND ENTRY LOADS. FRIMARYINERTIALREFERENCE

r SHIELD ACCELERATION, VELOCITY, AND POS r_NIONDLrTER,kAINATIONHAP,RING-TYPE ABI._T_ MATERIAL G & N COMFUTATION AND PREDICTI(
;' SYSTEM- COMPUTATION FOROTHERSIC SYSTEMS
_RMITSCREWTO CONTROL S/C,. COMMUNICATE WITH ABORT-COMPUTATION
:_CHOTHER, GOSS AND THE LFJ_AS NECESSARY COMMUNICATIONS AND INSTRUMENTATION (C&I)
_IE SYSTEMCONSISTS OF: MO-WAY VOICE COMMUNICATION CAPAlilLIIY BEIWIEENCREWMEMBERS,

CONTROLS AND DISPLAYS(3 PANELS) S/C AND GOSS,.AND S/C AND LEM ,
AURALEQUIPMENT (VHF/OSIF) REACTION CONTROL SVSTEM0tCS) .
LIGHTING (1FIXED_ND PORTABLE) FROVIDES3-AXIS CONTROL DURING FRE._ENTRY,ENTRY, RECOVERY,AND ABORT
COUCHES ( 3 REQD, ! REMOVABLE) MANEUVERS. THE SYSTEMCONSISTS OF THE FOLLOWING:
FOOD MANAGEMENT (INCL. DISPOSAL) DUAL SYSTEM 6 ROCKET!ENGINES/SYSTEM
PF_SONALHYGIENE HELIUM PRESSURIZATION 4500 PSlG ':
BIOMEDICALEQUIPMENT OXIDIZER N20 4 !
WATERMANAGEMENT (ECS], FUEL MMH :
WASTEMANAGEMENT (SOLID AND LIQUID) THRUST 100 + 5 LI_
SUILVIVALEOUV_V_ENT(COLLECTIVE) EARTHLANDING- _,
SPACESUIT ASSEMBLYCONSISTING OF: PARACHUTES 3 MAIN,[ DROGUE

PORTABLELIFESUPPORTSYSTEM DESCENTVELOCITY 30 FT/SEC_lkX)
PRESSUREGARMENT ASSEMgLY HORIZONTAL VELOCITY 50 F1,sssC_AX)
CONSTANT WEARGARMENT COUCH ATTENUATION 40 G O_U_)

IRONMJENTALCONTROL SYSTEM(ECS) ELECTRICALPOWERSYSTEM DEFINED UNDER S/C SYSTEMS
rEFINEDUNDER SPACECRAFTSYSTEMS C/M SCS DEFINED UNDERS/C SYSTEMS
:LIGHTTESTSYSTEM(IF1$)
_EFINEDUNDER SPACECRAFTSYSTEMS

_ONMENTALCONTROLSYSTEM INFLIGHTTESTSYSTEMlIFTS)

;sION 14 DAYS (MAX) GO-NO-GO TESTSYSTEMTO PROVIDECHEC_ OF SPACECRAFTSYSTEMSAND
BIN _RESSURE(ECSACTIVE) S TO 15 FSIA MALFUNCTION ISOLATION FOR I_VF, J_ENTS IN MISSION RELIABiLItY.
BIN I[EMPERATURE 75 z S F OPERATING PRINCIPLEUTILIZES A PROGRAMMER,.COMPARATOR, STIMULI
ATIV'g HUMIDITY 40-70% GENERATOR,.ETC.
EAL HEATABSORPTIONRATE 19,000 BTU/HR_tAX)

PARTIALPRESSURE 233 e._ .O _OM) STAB ILI ZATI ON AND CONTROL SYS1EM
_2PARTIALPRESSURE 7.6 MM HG (MAX)
OUTPUTRATE 5.4 LBS/DAY (NOM) THESOSIS AN INERTIALSYSTEMWHICH FROVI_I_$STABILIZATION AND

CONTROL SIGNALS TO PULSETHERCS'SYSTEMA,',ID IGNITE THE PROI_JLSlON
)2 INPUT ABSORPTION RATE 6.9 LBS/DAY (NOM) SYSTEMOF THES/M.

Figure 35. Spacecraft Configuration and Specifications for
Lunar Orbital Rendezvous
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SYSTEMS ENGINEERING

The systems engineering responsibility is to translate mission

objectives into descriptions and hardware concepts, insuring that the systems

developed are compatible in philosophy, in design, in physical integration,

and in performance capability and reliability. Systems engineering,

emphasizing the urgency of time, will concern itself, not only with the

mission, but also with the development of a simple, straightforward program.

FinaLly, the Systems engineering function must cover the planning of
adequate capability in the system to cope with unforeseen environmental

conditions, operational factors, and equipment failures, or to adjust to
deliberate changes in operational plans.

Systems engineering functions include the analytical and experimental
activities that precede the detail design effort and subsequently support the

active design and development programs. In order to define completely the

requirements of the program, these activities must be closely integrated.

The established requirements are analyzed for overall compatibility and

reduced to usable design criteria. A continuing effort of investigation
and resolution of existing and impending problem areas is carried on as a

function of Systems Design Analysis. These and other plans are delineated
in the succeeding paragraphs.

MISSION REQUIREMENTS

The ultimate objective of Project Apollo is to land men on the moon for

limited observation and exploration in the landing area, and subsequently,
to return them safely to earth. Intermediate objectives include scientific '

observation in the earth-moon space and reconnaissance of the moon prior

to landing. It is expected that these objectives will be accomplished in a

sequence of earth orbital, circumlunar, lunar orbital, and lunar landing
missions. In addition to achieving these objectives, it is intended that the
Apollo space vehicle be designed so that itwill be'adaptable for use as an "_

earth orbital vehicle for conducting a variety of scientific and technological
flights.

MISSION ENGINEERING

Nominal Mission Description

The Apollo spacecraR will be designed for the lunar orbital rendezvous

technique for accomplishing the lunar landing mission, The intermediate

and lunar landing mission plans and operational sdquences are described in

the succeeding paragraphs.
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Earth Orbital Mission

The earth orbital mission will be to place an Apollo spacecraft into 90-

to 400-nautical-mile, circular, earth orbits by means of the Saturn C-I

booster. Figure 36 illustrates the spacecraft and booster configuration for
this mission.

Ascent

Ascent is defined as the period from launch vehicle lift-off through

earth orbit injection. The ascent flight phase includes first-stage boost,

first-stage separation, and second-stage boost into earth orbi.t. The space-

craft will be launched into orbit by the eight-engine C-1 booster. Figure 37
illustrates the typical earth orbital mission.

Orbital inclination will be selected'on the basis of minimum ejection

requirements for a velocity differential that satisfies the recovery (three

consecutive passes) requirements for the latitude of the selected landing site.

Since the optimum inclination is also related to orbit altitude, the design
inclinations will be based on the maximum and minimum attainable orbital
altitude.

The maximum allowable injection altitude is defined by an optimum

boost trajectory (maximum payload) having the following constraint: The

combination velocity-altitude-path angle, at any time during boost, will be
consistent with those flight conditions necessary for a safe abort corridor.

The allowable entry condition fo_ abort is a 20 g-load factor.

Orbit

The nominal orbital altitude will be reached with the eight-engine
propulsion system of the C-I configuration. Orbital altitudes in excess of "

100, but not greater than 400, nautical miles will be accomplished by an

orbital transfer utilizing the service module propulsion system. A circular
orbital altitude of 139 nautical miles or more will be necessary to meet the ,,

14-day orbit requirement. _,

Orbit Ejection

Orbit ejection is defined as the retrograde flight phase. The spacecraft

will be capable of operating satisfactorily under retro-powered flight within
the ejection window boundaries determined by the following conditions:

(l) orbital altitudes between 90 and 400 nautical miles, (2) maximum aero-

dynamic maneuver envelope, (3) minimum ejection propulsion, and (4) range
sen s itivity.

- 100--
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Figure 36. Space Vehicle Configuration - Earth-Orbital Mission
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D De-Orbit Coast

This flightsegment will follow orbit ejection and terminate at the entry

point {400, 000 feet altitude). The command module will be separated from
the service module prior to reaching the entry interface. The command

module will be oriented for entry during this operation.

i
Entry

-_= The command module will be capable of performing satisfactorily

-=-- during an atmospheric entry, which includes pull-up to horizontal flight,
transition from puU-up to glide, and glide to the recovery interface. The

- entry flight phase will begin at 400,000 feet altitude and end at 40,000 feet.

Recovery

The command module will be capable of recovery and touchdown on

land or water. Recovery deployment wiU begin at 40,000 feet altitude and

include glide to drogue chute deployment, drogue chute deployment and
_ stabilized descent, and main chute deployment to touchdown.

Post-Flight Operations

The post-flight operations will consist of command module touchdown

and all air and ground operations required to reach the module, pick up the

crew and spacecraft and transport them to the nearest operational base.

Circumlunar Mission

The spacecraft and booster configuration for the circumlunar mission

is shown in Figure 43. The circumlunar mission will consist of placing the

spacecraft and the launch vehicle in the inertial space position required for
translunar injection, establishing the spacecraft in a circumlunar trajectory

having a specified perilune altitude and returning the command module safely
to a selected earth landing site. The SPacecraft will circumnavigate the moon

(Figure 38). Figure 39 illustrates the operational sequence, as described
in the following paragraphs.

Ascent

Ascent is the period from lift-off of the launch vehicle ;.l-lrough parking

orbit injection. Range safety azimuths at the launch site limit the launch

delay period to a maximum of 5.5 hours, two hours of which will provide

for possible delays.

-I03--
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Parking Orbit

The parking orbit is a circular earth orbit with a nominal altitude of

100 nautical miles. The purpose of the parking orbit will be to establish an

accurate space positioning of the spacecraft and verify the satisfactory

operation of spacecraft systems prior to translunar injection.

Translunar Injection

Translunar injection is the acceleration of the spacecraft from earth

orbit to escape velocity along a translunar trajectory. It is accomplished
by firing the launch vehicle final stage. The velocity vector at shutdown

shall provide a free return circumlunar trajectory.

Translunar Coast

Translunar coast is the period between trhnslunar injection and perilune.

The perilune altitude (the point on the lunicentric orbit nearest the

center of the moon} for the circumlunar trajectory will be a nominal altitude.

Transe_rth Coast _ _I

The transearth coast flight phase will commence at perilune and
terminate at entry into the earth's atmosphere. The command module will

be separated from the service module just prior to entry.

Entry

The location of the command module at the entry interface, in respect
to the preselected landing site, will be dependent upon the lunar declination,

time of launch, and entry inclination angle. After arriving at the designated
location, the command module will be capable of operating satisfactorily

: during the following entry maneuvers: (l) pull-up, (Z) transition, and
(3) glide.

Recovery and Post-Flight Operations

Recovery and post-flight operations are the same as those described
for the earth-orbital mission.

Lunar Orbital Mission

The spacecraft and booster configuration for the lunar orbital mission

is shown in Figure 43. This mission will consist of placing the spacecraft
in a lunar orbit at the perilune altitude and returning the command module
safely to a selected landing site on earth.

-106-
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Figures 40 and 41 illustrate the lunar orbital mission. Fig,.lre 42

presents the operational sequence which is described in the following para-

graphs. (Ascent, parking orbit, translunar injection, and translunar coast

operations are the same as those described for the circumlunar mission. )

Lunar Injection

Injection of the spacecraft into a circular lunar orbit will begin at

perilune of the circumlunar trajectory. Velocity requirements for injection

will be based upon the following conditions: (1) The moon is to be at apogee

at the time the spacecraft reaches perilune, (2) The inclination of the trar:s-

earth trajectory plane to the lunar orbital pl._ne is to be maximum. The

spacecraft wiU be capable of performing an out-of-plane maneuver at injection.

Lunar Orbit {

The lunar orbit wiI1 be circular and at a nominal altitude of 100 nautical

miles. A minimum of one orbit will be made about the moon; the maximum

number of orbits wiU be dependent upon the planned duration of the mission.

Total lunar orbital duration shall be a minimum of 48 hours and a maximum.

of 7 days.

I0
Transearth Injection

Injection of the spacecraft into the trans_arth trajectory will be possible'

at least once during each orbit of the moon. The velocity increment required

for injection will be supplied by the service module. The transearth injection

conditions (velocity and position) are dependent upon required entry corridor

parameters, earth approach conic inclination, and time of earth entry.

Transearth Coast

The transearth Coast flight phase will commence at transearth injection

and terminate at entry. The command module will be separated from the

service module just prior to entry.

• Entry, Recovery and Post-Flight Operations

Entry, recovery and post-recovery operations are the same as those
described earlier for the circumlunar mission.

Lunar Landin_ Mission

The spacecraft and booster configuration for the lunar orbital rendez-
vous mission is illustrated in Figure 43. The command module/service
module will remain in lunar orbit, while a manned lunar excursion module

/ !' -107-
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Figure 43. Space Vehicle Configuration - Lunar Missions
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I departs from the spacecraft and lands on the moon. The launching ol the

excursion module from the moon will be synchronized with the orbiting space-
craft, so that a rendezvous can be accomplished. Figure 44 illustrates the

mission. The transearth injection, transearth coast, entry, recovery, and

post-recovery operations are the same as those described for ;he lunar
orbital mission.

MISSION ANALYSIS

The mission analysis activity performs analytic investigations of inter-

actions between the mission and the Apollo systems by evaluating performances

of given systems for various missions. Determination of optimum systems

is fulfiUed by mission analysiss which provides methods for laying out in

logic form the performance of the Apollo system in executing the steps of a

given mission; for finding the margins or criticality in operations and in

systems functioning; and for evaluating modifications of systems, crew

functions, or the rr_ission itself. Analyses are performed as required to

determine recommended functional and performance requirements for crew

and total system as well as for subsystems for the establishment of
operations and functional criteria.

Although these analyses are prirnarily performed for the normal mission,
mission analysis must evaluate the requirements of oH-normal situations

and operations and integrate them with those of the normal mission to

enhance crew safety confidence factors.

Normal Missions

To define the normal mission and the crew and systems requirements,

mission analysis will first consider the effects of program objectives on

mission concept. For instance, reliability and scheduling for the lunar

landing mission concept has led to specification of a single Saturn C-5

launch vehicle. Other aspects of the mission concept might be subject
to variation and will be studied.

Program objectives and system concepts are limited by constraints
and ground rules. Some of these, such as n,_tural environments, cannot be

changed but require analysis to determine their effects and possible means
of control.

The Apollo mission concept and program definition have proceeded to

a point where change may not be feasible. However, in certain areas, such

as operations with the Lunar Excursion Module, various concepts and the

relative importance of possible performance or design requirements must

be analyzed. Variations of Lunar Excursion Module transposition, docking,

,I
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IO
I - SPACEVEHICLE LAUNCH & EARTHORBIT INJECTION • 4
2 - INJECTION INTO TRANSLUNARTRAJECTORY
3 - MIDCOURSE CORRECTION
4 - LUNAR ORBIT INJECTION
S- LEM INJEC|ION INTO EQUAL-PERIOD ORBIT
6- LEM DESCENTTO LUNAR SURFACE
7 - LUNAR LANDING & EXPLORATION
8 - LEM ASCENT TO RENDEZVOUSWITH APOLLO S/C
9 - TRANSEARTHTRAJECTORYINJECTION

10- MiD-COURSE CORRECTION
11 - FINAL CORRECTION & S.'M JETTISON
12 - EARTHATMOSPHEREENTRY
'13- EARTHLANDING

l0

I

Figure 44. Lunar Landing Mission--Lunar Orbital Rendezvous Technique
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0 and all of the lunar operatxons will be evaluated to provide definitive

guidelines.

For a given mission concept, it is the rote of mission analysis to

determine performance requirements on specific systems. These

performance requirements may differ with each mission phase and must
be analyzed to determine the most compatible and least demanding

requirements, in operations, careful analysis must be made of sequencing

in systems and of crew participation. These analyses are used by design

groups to detail appropriate systems, which must then be reviewed as to

reliability and mission suitability. The output performance and the input

requirements oi proposed systems must be evaluated relative to the specific

aspects of the mission. Passive systems, such as structure, radiation
shield, or heat shield, affect the total system as to weight and environment.

Active systems have additional input requirements, such as electrical power,
flui,Js, stabilization and temperature control, which may impose conditions

on the mission not previously anticipated. Requirements and performance

of systems for the mission will be fed back for an iteration to study mutual

compatibility among all systems and possible modifications of the mission

to relax some of the requirements.

An operations profile and time-line for the complete mission wilt be

used to study the compatibility of all the mission requirements, the

development of the mission by test-flight stages, and to develop a computer

mission simulation for evaluation of the effects of system tolerances or

off-normal performance. It will also indicate the requirements for

information flow and permit evaluation of the requirements for a crew to

exercise the necessary control. Sequencing of operations, particularly

time-critical operations, is an important part of the operatlonsprof!le.

Another important task of mission analysis is to define the requirements
of the mission on crew functions. The crew is in control of the mission.

They have significant functions and contributions that cannot be programmed

automatically or effectively performed by remote control. It is not logical

to require the crew to perform tasks that are better programmed, such as

controlling a thrusting maneuver; however, it may be desirable to give the
crew initiation, negation, or quantitative control capability. Further, the

information requirements must be studied for establishing crew performance
requirements, such as displays and controls and in-flight test and

maintenance. While the requirements for performance of basic crew

functions should be as specific as possible, certain alternative or optional

requirements may be sttldied by the Life Systems group to define crew tasks
and methods of execution.

-114-
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Mission analysis must evaluate th_ effect of the crew safety

requirements on spacecraft and mission design, and on selection of alternative

modes of operation or alternative mission profiles. The requirements for
crew functions in this area r:lust be studied in detail, and data must be

generated to preplan safety provisions or effective ase of safety procedures
on the actual mission.

Mission analysis will cover preparations for the mission and _::;

support from the earth and possibly certain preparations on the moc_.
Mission analysis must be concerned with the hardware development program

and the flight program leading up to the final mission. Obtaining necessary

information from the ground and flight tests will be a large part of mission

analysis work. Information from other space programs, partlctttarly Mercury
and Gemini, must be evaluated for the Apollo mission.

Requirements for preparation of plans for specific missions will be

analyzed. Typical requirements include trajectories, flight dynamics,

systems functioning, expected environment, crew tasks, alternate operations,

and abort plans for all phases. Crew training requirements for the mission

will be evolved and put into concrete recommendations by the Life Systems

group.

Mission planning will analyze requirements for systems qualification

and for flight-readiness certification. The latter must be performed in

different degrees at different mission stages. Requirements for an in-flight

test system _nd for telemetered information to the earth wiU be included.

Mission Variations

Although the basic portion of mission analysis is for normal missions,
considerable effort must be devoted to off-normal missions and off-normal

conditions or operations. Part of this analysis comes through providing

assurance of mission performance and crew safety and part from deliberate

mission variations. The latter may be diverted missions selected after

evaluation indicates that the planned mission cannot be performed or they
may be selected variations, such as landing at a different region on the

moon in either lunar day or night.

Off-normal conditions in the environment or in systems performance

require detailed study to evaluate assurance and procedures. Systems

margins of performance, redundancy, and sequencing of operations must be

evaluated by analysts and computers to ensure that adequate provisions have

been made. A criticality index for systems and a criticality line for the

logic sequence in operations (comparable to the critical path in PERT) will
be studied. Alternative modes of operation and back-up provisions will be
studied.

-115-
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0 Abort situations and provisions for all phases of the mission must be
evaluated. The analysis will include modes of failure of systems and effects

of failure, and their time-criticality when in the mission they occur and how

quickly they will have serious implications. Requirements must be set for

on-board detection and isolation equipment, for spares and repair, for crew

functions, for abort systems.

In addition to the normal mission time-li_e charts, detailed logic
diagrams of early mission flightphases will define all contingent situations.

Similar logic diagrams covering'all phases of the basic missions will be

made up accordlng to a development sequence. Detailed time analyses will

be conducted into two basic areas. The first analysis will determine nominal

and extreme times for restoration of a contingency to a stable situation and

will include detection, isolation, evaluatidn, and resolutlon o_ the contingency.

The second analysis will estimate nominal and extreme time for deterioration

of the.contingent situation and will include emergency abort. Comparison of
these two analyses will permit refinement of the logic diagrams and the

reference of contingent operations to the normal mission _iroe scale.

Consideration will be given to establishment of'a statisticalmulticontingency

Occurrence and its analysis on the IBM 7090 computer.

Apollo Optimization Effectiveness

Efforts to optimize Apollo effectiveness will be based on the planned

expansion of previous mission engineering activity. Whereas mission

engineering will be concerned with functional capabilities, Apollo effectivene s s
optimization efforts will include the following trade-off factors:

I. Reliability and crew safety

2. Probability of mission success

_ 3. Date of first lunar landing and safe return

4. Relative program cost

The objective of this effort will be to prepare the nece_.sary trade-off

information with which a logical selection can be made of the Apollo

requirements that make best use of time and available resources.

Apollo effectiveness optimization is illustrated in Figure 45. A

specific model system and basic mission will be defined and will be used

to establish the first complete set of reference data. With the model and

mission defined, duty.cycles will be deter,'r,lned and existing time-line

charts will be revised as necessary and detailed to the next lower subsystem

:!: -I16-
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level. At the same time, mission performance capabilities of the model

will be verified, and schedule, costs, and physical characteristics associated
with the model wiIl be determined.

Based on the inputs described, existing reliabilityassessments will be

reviewed and revised as necessary, and computations will be made of the

probabilities of reliabilityand crew safety and of mission success.

SYSTEM DESIGN ANALYSIS

As the Apollo program progresses, many areas will require additional

investigation and study to assure that the program is proceeding in the

optimum path. These investigations and studies may originate from design

review meetings, internal and with NASA; requests from NASA; direction

from the Chief Engineer; and other S&ID sources depending on the type of

problem involved. System Integration personnel will direct and integrate

these studies and investigations using assigned persons from the affected

functional and support groups. Groups outside of Apollo Engineering,

ContraCts, Facilities, and Manttfacturing will provide the necessary
assistance.

O Integration studies'are those involving several systems in thespacecraft. These studies may or may not be within the established design

objectives. A study of the electrical loads throughout the mission to

: determine the compatibility of the present supply system with the

requirements of all spacecraft systems might be an example of this type
of investigation.

Trade-off studies involve determining the optimum of various require-

ments and may be made with existing concepts or may serve to introduce

new ideas into the program' . The study on the lunar landing mission by lunar
orbital rendezvous or earth orbltal rendezvous to determine the most efficient

program within the limits of the present boosters is an example of this type

of study. Another example is the study requested by NASA to compare the

various metho'ds for achieving lunar excursion module rendezvous and docking

and to give a preliminary examination of the types of hardware and actions

required in completing this operation,

Feasibility studies involve the study and investigation of new ideas and
concepts outside of the established program. A study requested by NASA to

determine the feasibility of increasing the service module base diameter to

260 inches is an example of the feasibility studies that will be undertaken.

Studies are required to evaluate the effect of new or revised
_7

requirements on the spacecraft design. An example of this type of study is _::

-118-
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IO Integrated Systems Schematic Drawings

An indispensable tool that graphically presents the interrelationship
of systems is the integrated systems schematic - a composite of all

individual airborne and GSE systems. It establishes continuity of line and

functions between individual systems as well as between each system and

the respective GSE. In one drawing is a pictorial presentation of all

functions as they relate to each othe'r. Design and Systems Integration

Engineering use this tool for tracing through functions during interface

compatibility studies; for circuit analyses; for troubleshooting; and as a

training aid for factory, test, and field technicians responsible for assembly,

checkout, and maintenance of the Apollo spacecraft. Checkout procedures
are verified by use of the schematic for procedure dry runs. The schematic

will be developed to include complete system details down to the component

level Every electrical and fluid connection of the Apollo spacecraft

combination and launch vehicle interface will be incorporated.

Electromagnetic Interference Control

Electromagnetic interference has been demonstrated as a cause for

malfunction in many sophisticated vehicle systems using electrical and

electronic units. Therefore, every known expedient wi].l be employed to
reduce the probability of Apollo spacecraft system failure as a result of

stray electrical currents or rf fields. During the design al, d development
period, established design methods will be employed to maintain all

electrical currents and voltages.within desired tolerances and flow channels.

Electrical interference will be reduced to a minimum by suppressing

transients through control of grounding, loading, shielding, wire routing,
and component packaging.

An electromagnetic interference control program including criteria

for re_duction of electromagnetic interference in the Apollo spacecraft and
associated electrical-electronic equipment will be established to ensure _

electromagnetic interference compatibility of the over-all spacecraft vehicle.

Electromagnetic interference control will include the following:

1. Preparation of the electromagnetic interference control _

specification for the Apollo spacecraft program

2. Preparation and implem.entation of an interference control plan
for spacecraft and associated ground support electrical-electronic
equipment

PI_(F__DINQ PAGE BLAtlK-NOT FY,LHED Ill
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IO 3. Preparation and implementation o£ an interference test plan for
electrical-electronic system compatibility

4. Determination of proper corrective action to maintain EMI

within required limits

TEST INTEGRATION

Test Integration engineering will establish and document the engineering

requirements for the Apollo Test Program with emphasis on integrated
and interface test requirements. Test conduct surveillance will be provided.

Overall cognizance of engineering test analysis and evaluation reports will be

accomplished. Specific tasks are:

I. Evaluate all individual system test plans to assure a well

integrated test program properly aligned to Apollo goals.

2. Provide engineering requirements including measurement
lists for all multiple system tests including both major

ground tests and ilight tests.

3. Provide engineering surveillance during major tests particularly

with respect to compliance with engineering requirements.

4. Conduct an engineering analysis of all integrated system

tests together with a review of a_l systems test analysis as

accomplished by responsible design groups. Prepare

appropriate engineering reports.

GROUND OPERATIONAL SUPPORT SYSTEM

The ground operational support system (GOSS) is required to support

_\ a spacecraft cot, forming to the Apollo Spacecraft General Requirements

_> Specification, SID 62-700-2, and a spacecraft crew. GOSS will be used to
enhance assurance of mission accomplishment and crew safety for each

Apollo mission.

The basic GOSS functions are spacecraft support and mission evaluation.

GOSS will support the spacecraft crew by monitoring mission progress,

by providing backup diagnostic assistance in checking spacecraft systems

performance, and by providing backup to the guidance and navigation system,

: as required.

-121-
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GOSS consists of an integrated mission control center including com-
putational and communications switching facilities, a world-wide

communications and tracking network, a launch control center, and recovery

facilities for planned or contingency landing areas. Deep Space Instrumentation

Facilities provide ,Jata to the GOSS and supplement its capability.

GOSS will provide evaluations of mission and alternate missions

p_rformance capability. This will include evaluating computations from

spacecraft and/or GOSS tracking data, predicting trajectories and impact,
and making recommendations for alternative missions as required. The

communications network will link the spacecraft with the Integrated Mission
Control Center by means of radar, telemetry and television (spacecraft to
earth), and voice communications.

S&ID will establish liaison through appropriate NASA agencies with

GOSS contractors to assure compatibility between interface requirements

and capabilities. Support of the space system design shall be rendered by
analysis of performance, status, and capability data regarding spacecraft

systems, GOSS communications and tracking networks, computational

facilities, launch and recovery systems, and operational concepts to
determine GOSS support required by the spacecraft.

D information on spacecraft design and
Current files of GOSS-oriented

GOSS development, operational concept, and mission planning will be

m_intained to allow timely publication of GOSS interface and performance
specifications. _

Mission analysis and other appropriate studies including an analysis
of systems information flow will be performed. This analysis will lead to

iddntification and definition of GOSS interfaces with the spacecraft,
delineation of performance requirements, and determination of GOSS

coverage requirements. Spacecraft system measurements and other

information required by GOSS will be determined so that predicted values,

current values, and time histories may be combined and so that extrapolation
of future requirements and capabilities can be modified by determined
probabilities and confidence factors.

Logical time sequence diagrams will be produced relating missions
and abort intervals with GOSS to illustrate the flow of data and/or informa-

tion from the spacecraft to GOSS. These diagrams will make possible
predictions and analysis of flight conditions.
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FLIGHT TECHNOLOGY

The effort of Flight Technology will encompass four separate program
activities:

I. Aerodynamics _

Z. Performance and trajectories

3. Flight dynamics

4. Wind tunnel test program

These analytical and experimental activities will support structure and

system design and major test programs. Reports and manuals will be

prepared to document the following functions:

D I. Determining requirements for the design of structure and systems

Z. Preparing data for others to use in the design process

3. Evaluating designs for suitability to performance of the missions

4. Documenting overall vehicle flight characteristics for mission

planning

5. Evaluating specific flight plans

6. Evaluating specific flight data

The detail programs for accomplishing these ends are reported separately
for each of the functional areas.

AERODYNAMICS

The aerodynamics activities will include basic objectives and functions
performed for other groups. Basic objectives in aerodynamics will be

(I) to assure the aerodynamic soundness of the design, and (Z) to determine

and publish the aerodynamic characteristics and the aerothermodynamic

,_._ environment of various configurations.

Ig
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D Relation to Others in the Apollo Program

I. Functions performed for structure and systems design

a. Determine preliminary guide lines and config_,ration

requirements for structural design

b. Issue data as follows:

(1) Air pressure and loads for structural design

(Z) Lift and drag characteristics for performance and

trajectories

(3) Stability and control characteristics for flight dynamics

(4) Flow field descriptions for aer0thermodynamic r.nalysis
and radio attenuation studies

(5) Flight environment for structural design and for

performance analyses

Z. Functions performed for the development test program

a. Establish requirements for wind tunnel program

b. Prepare summary analyses of wi_d tunnel test results

c. Establish aerodynamic requirements for boilerplate and

unmanned prototype flight programs

d. Analyze results of flight program _;

3. _unctions performed for manned operations

a. Maintain continued surveillance of configuration changesf

b. Determine aerodynamic charactel'istics of emergency
configurations

IO
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Technical Study Plan

Entry Aerodynamics

The general entry configuration has been established at contract go-
ahead. Initial aerodynamic studies will emphasize the determination of

design criteria and the identification of critical problem areas. Estimates
of command module aerodynamic forces and damping derivatives will be

made utilizing Newtonian flow theory programmed for digital computer
calculations. These estimates will be supplemented by analysis of

preliminary NASA test data released in Apollo working papers. The results
will be assembled in the Prellminary Aero Data and Loads Report and will

provide the basis for initial trajectory and night dynamics studies.

Concurrent with this effort_ work will be initiated to obtain the

aerodynamic characteristics of the sFecific command module configuration
evolving from structural design studies. Wind tunnel test requirements will
be determined and tests conducted. To permit early testing, smaU simple
models will be utilized. Parametric data obtained will be used in stu_]ies to

determine the effects on command module aerodynamics of variations in

heat shield radius, corner radius, and afterbody angle. Center-of-gravity

@ tolerances will also be established.

Subsequent studies will include the effects on stability of asymmetric
ablation of the heat shield. Wind tunnel data will be used in conjunction with

Newtonian predictions of the perturbations in forces due to local geometry

changes. The effects on stability of the reaction jets interacting with the
free stream flow will be determined from analysis of wind tunnel results.

Digital programs will be established to aid in calculation of the nozzle flow
field and its interaction with the adjacent structure.

Preliminary aerodynamic damping characteristics of the entry body

will be predicted using Newtonian estimates of the forces on the command

module. Analog studies will establish the relative importance of the

damping terms to control system design. Wind tunnel programs will be

conducted using the forced oscillation and decaying oscillation techniques.
The forced oscillation tests give a measure of the longitudinal damping

parameter, whereas the decaying oscillation tests provide a measure of the
overall stability (both static and dynamic) during an oscillatory motion.

Analysis of the results will provide an evaluation of damping derivatlve._ as

affected by Mach nmnber, dynamic pressure, and center-of-gravity location.

Preliminary command module loads will be estimated using Newtonian
flow. Final loads will be determined through wind tunnel tests which

provide measured pressure distributions. A digital program will be

developed to compute Ioadings by integration of local pressure distributions.
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Methods will be developed for approximate and refined analyses of the

flow fields about the Apollo vehicle. Primary emphasis will be on hypersonic

blunt body flow fields. Digital programs will be developed to compute real

gas equilibrium and nonequilibrium flow, and extended to include angle-of-
attack effects. Results of these studies will define local surface conditions

for design purposes, and the aerothermodynamic properties of the flow field ,
for use in radio attenuation studies.

Final evaluation of orbital entry aerodynamics will be made from

results obtained in the flighttest program. The flights of SA-9 anc_SA-10

will provide the first flighttest evaluation of the entry configuration.

Launch Escape System

Initialstudies of the launch escape system will determine configuration

arratLgements which will provide the required stabilitycharacteristics.

These characteristics can be significantly affected by operation o£ the escape

motor. Early design will be based on analysis of wind tunnel results {jets

off)combined with analytical estimates of the interactions between the jet

plumes and free stream flow fields. An experimental program will be

formulated, and methods of simulating the jet effects in wind tunnel tests

wiU be evaluated. These methods include solid plumes, cold jets, and

rocket operation. Evaluation of the system wiU be established from analysis

of the pad abort and high-altitude aborts conducted in the flighttest program.

Dynamic stability characteristics will be obtained from analysis of

wind tunnel data.. Damping derivatives will be determined from analysis of
forced-oscillation tests conducted at the Langley Research Center. The

effects of Mach number, Reynolds number, center-of-gravity location, and
angle of attack will be determined.

Launch escape system loads will be determined from wind tunnel data.

Preliminary results will be obtained in early tests with small scale models.

More extensive data will be acquired with large scale models in the NASA

Unitary Tunnels. Measurements of steady and unsteady pressure distri-
butions will be obtained, including the effects of simttlated escape motor :

operation,

Recovery System Aerodynamics

The aerodynamic characteristic of the command module at subsonic
Mach numbers with the parachute cover heat shield removed will be

determined from analysis of wind tunnel data.

SID 62- 223
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Launch Vehicle Aerodynamics

The aerodynamic characteristics of the various booster vehicles will
be determined by theoretical estimates and through wind tunnel data. Tests
will be conducted of the C-I and C-5 configurations to establish total booster
aerodynamics and the characteristics of the booster alone after separation
of Apollo. These data will be used in performance studies and in studies of
miss distance during abort from boost.

Studies will be conducted to determine the air Ioadings due to buffet

effects during boost. Data will be assembled from other programs and
from NASA studies at the Langley and Ames Research Centers. Wind
tunnel measurements wiU be made of buffet pressures and aerodynamic
noise on the launch vehicle with emphasis on the command module, service
module, and adapter. Analysis of the results will provide design criteria
for buffet loads. Flight test measurements will provide in-flight evaluation
of buffet effects.

Figure 46 presents the aerodynamics testing schedule.

Reports and Ma_.uals to be Issued

Aerodynamic Data Manual (First Issue I April 196Z)

Basic force and moment data are presented for all Apollo vehicles.
This report is the official source document for aU design and performance
studies and will be revised as more current data become available.

Aerodynamic Loads Manual (First Issue I April 196Z)

Loads trajectories are presented for boost, abort, and entry. Total
and component pressure_ force, and moment distributions are presented
for all Apollo vehicles. This report serves as the official source document
for all air loads design data and will be revised as more current data _'
become available.

Aerodynamic Dimensional Data Manual (First Issue 1 July 1962)

Aerodynamic configuration arrangements, surface contour tolerances,
alignment tolerances, center-of-gravity requirements, and weight and
balance summaries will be presented for all Apollo vehicles. This report
will be revised continually to reflect the most current configurations.

-lzT-
' . '. SID 6Z-ZZ3

• .:_. "/_!-:::::_."



NORTH AMERICAN AVIATION, INC,

• - 129.13_
h ........... ," ' _i

:Ii "; " BLANK'NOT '* '-_!' ' .





NORTH AMERICAN AVIATION, INC. i _/)' ' _P._.cEand INI-'OI4.MA'I'ION H_t'_'II'E._.I_ DIVISION

°

Com.mand Module Aerodynamic Summary Report (First Issue 1 July 1963)

Static and dynamic stability characteristics of the operational command

module will be presented for flight from entry through recovery. The first

issue of this report will be based on analyses of wind tunnel data. Subsequent
issues will incorporate flight test program results.

Launch Escape System Aerodynamics Summary Report (Issued I January 1964)

A description and evaluation of the static and dynamic characteristics

of the launch escape system will be presented. Conditions from rocket

ignition to tower jettison will be covered.

Aerodp-namics of Apollo Launch Vehicles (First Issue I March 1963)

This report will contain a documentation and analysis of the aerody-

namic characteristics of ApoUo launch vehicles for performance and ..:

trajectory studies. Results of wind tunnel tests simulating conditions before

and after separation of the Apollo vehicle will be included. The report will ._

be revised as required.

Flight Test Program Report (First Issue I July 196Z)

Objectives and instrumentation requirements will be preserited for

aerodynamic evaluation of the spacecraft during the flighttest program.

Flight Test Summary ,C,nalysis Report (First Issued ! October 1964)

An evaluation and summary of aerodynamic characte'ristics of the

Apollo vehicle will be presented as determined in flighttest.

PERFORMANCE AND TRAJECTORIES

The basic objectives of performance and trajectories will be (1) to

establish performance capabilities and limitations of the Apollo spacecraft,

(2) to generate detail trajectory.data for specific missions, (3) to provide '

data for operational analysis covering interaction of trajectory, navigation _....
and guidance requirements, ground operations support system, and :_
operational flexibility (i. e., launch and landing sites and mission dates, and

(4) to supply digital pr.,gramming service for flight technology and associated
areas. ,.'

In addition, performance and trajectories will support structure and

systems design, development test program, and manned operations.

-13i-
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Functions performed for structure and systems design will include:

Prepare preliminary trajectories and performance estimates as

guidelines for structural design

Integrate energy management among navigation and guidance,

propulsion, and selected flightplan

Determine trade-offs among flightplan trajectories, fuel requirements,

and position and velocity accuracies

Determine design envelope trajectories for loads and heat shield

analysis and guidance system design •

Determine propulsion system •and propellant requirements

Evaluate the complete spacecraft system to determine capability for

performing various missions

Analyze effects of malfunctions and set reqxairements for safe abort

in space

i@
Develop digital programs for flighttechnology and associated areas

Publish the Flight Performance Manual

The following functions will be performed for the development test

program and manned operations.

I. Estimate preflight performance for each flightto determine the

flight plans _.

2. Prepare data retatiflg to detail flight plans for flight test operatio/ts.

3_ Produce detail trajectories for each fiight

4. Determine contingency flight plans in case of malfunction for each
flight including detail abort flight schemes

Technical Study Plan

Booster Analysis

Analog and digital computer studies will be" made to "determine gener-

alized launch vehicle performance and trade-offs for the Apollo payloads.

These will include general and specific reference boost trajectories and the

., ..132..
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launch vehicle mat[unction performance. Launch vehicles for which this data

will be determined include Little Joe II, Saturn C-I and C-IB, Saturn C-5,

and possible Nova. Trajectory and performance data will be determined for

each Apollo development test and operational Apollo mission. This
requirement is established to account for weight variations in each

boilerplate and prototype ApoUo payload.

Preliminary analysis and general performance requirements for the

service module will be specified. Based upon the selected design point,

performance and propellant propulsion requirements will be determined for
each service module mission. This also includes reference trajectories for

each burning maneuver and abort situations occurring in trajectories to or
from the moon and during lunar landing and take-off where applicable.

Special analyses will be conducted to determine optimum lunar orbit

injection, ejection, ar.d rendezvous trajectories. From these studies,

propulsion requi1:ements and system weight optimizations will he determined
for the appropriate selection of thrust level and propellant system weight.

Space Operations

Mathematical formulas will be derived to permit precision cislunar :_

trajectory calculations using optional coordinate systems.

Physical and apparent lunar librations will he determined to calculate

selenographic coordinates. The effects of nonspherical earth and moon will

be evaluated to obtain geodetic and selen:jdetic coordinates. Additional

relationships will be derived to determine tracking parameters from the

earth to the spacecraft and from the spacecraft to selected celestial bodies.

Iteration (SEARCH) logic will be formulated to solve the two-point

boundary-type problem for five classes of lunar trajectories. These include

circumlunar trajectories, translunar trajectories, transearth trajectories
from lunar orbit, and cislunar abort trajectories.

Reference trajectories will be calculated for the earth-orbital, the
circumlunar, the lunar-orbital, and the lunar landing missions. Character-
istic velocities will be determined for these missions as a f_mction of the :_

required operational flexibility (i. e., launch windows, lunar declinations,

etc.). Earth and lunar lighting data will be calculated to evaluate the lighting

constraints on mission flexibility.

Trajectories and propulsion requirements will be _stablished for the

D lunar landing mission to consider Apollo lunar excursion module integration
of lunar orbit.al and in-phase and out-of-plane landing and ascent maneuvers.
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Perturbation studies will be made to determine the variation of earth

and lunar orbital elements (as a function of time) due to a nonspherical earth

or moon, the gravitational attraction of secondary bodies, etc.

Abort trajectory analyses wiU be conducted for all phases of Apollo

flight. Simplified and precision analyses will be used to determine pro°

pulsion requirements for _bort. Consideration wiU be given to emergency

landing site selection, transit time, radiation hazards, landing approach

azimuths, and glide range requirements.

Entry Ph?_se

Entry trajectory and performance analyses will result in the establish-

ment of guaranteed mission performance, systems performance requirements,

and flight constraints for (I) earth orbit ejection and atmosph.eric entry,

(Z) atmospheric entry and recovery from lunar missions, and'(3) aborted
missions.

These analyses will consist in part in the establishment and evaluation

of flight modes and range control techniques during atmospheric entry. That

technique which is least sensitive to system errors and vehicle design con-

O straints and which meets the required mission performance will be defined.
Secondly, design criteria will he establlshed from which design trajec;ories,

trajectory and interface envelopes, and systems performance requirements

will result. Further, trajectory sensitivities andpath constraints during
orbital and atmospheric flight will be defined. These, combined with

performance evaluation studies, will aid in the formulation o£ such items as

flight placards and displays, ejection propulsion system r:equlrements,

guidance and control systems requirements, and guaranteed mission

performance.

:_ Performance Interface Tasks

Performance interface efforts will consist of two major task areas:

(I) interfaces with test plans and (Z) interfaces with guidance and navigation.

The test planning interface will be concerned with coordination of boost,

space, and entry trajectory analyses with test planning functions to establish
reference trajectorles and performance estimates for all test flights.

Additional related tasks will include coordination of trajectory andperformance

test measurement requirements with Systems Integration and Systems Test

groups, and the reduction of flight test data to be included in the trajectory

and performance section of _he Spacecraft Flight Report.

The guidance and navigation interface tasks will be concerned with

_nvestigations of the interrelationships between spacecraft performance
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requirements and guidance accuracies for all flight phases within the oper-
ational and mission constraints of the Apollo program. These tasks will be

extended to include analysis of performance requirements fo_ degraded levels

of guidance and maneuvering precision associated with potential backup modes

of operation. Further related activities in this area will include the represen-
tation of trajectories and performance functions in exploring the performance-

reliability interface as reflected in mission success and crew safety

probabilities. This will involve the establishment of safe entry criteria and

potential abort trajectory envelopes with their expected dispersions as a
function of primary and degraded levels of guidance and control precision.

Digital Programming

Digital programs for performance and trajectory, flight dynamics,

aerodynamics, thermodynamics, and utility routines are presently in the

developmental or operational stage.

The performance and trajectory efforts will be concerned with (1) boosts

and reentry, (Z) orbital, (3) space ,trajectories, and (4) error analysis.

Boost and reentry wiU have the following programs:

I. L.o_ngitudina.1 trajectory multi-stage two degree of freedom.
Calculates the trajectory for a ballistic missile including the
effects of horizontal headwind or tailwind profile

Z. Three degree of freedom. Computes the three-dimensional

trajectory of a multi-stage vehicle on a rotating spherical or
oblate earth

3. Trans-earth injection requirements for daylight landing. ,_
Calculates the landing parameters for a given injection time

4. Trajectory optimization. Minimizes fuel requirements or
maximizes payload for given initial and final trajectory parameters.

Orbital programs will includ¢-

I. Parking orbit program with e.phemeris. Computes an approximate
trajectory from a known launch site on the earth to the moon.

Z. Two-impulse abort or transfer and.rendezvous. Solves specific
time solution of abort from initial conic; with second impulse, it

will perform rendezvous with second conic; geometrically attached

to landing site.
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3. Class I in-transit abort. Generates geographic contours of abort

range, total impulsive velocity required, and landing azimuth for

major constraint of minimum time of abort to landing

4. Earth-orbital mission geometry. Investigates the orbital abort
manev.vers from a circular parking orbit to a series of selected

emergency landing sites with a view to the compatibility of the

spacecraft propulsion capability

Space trajectories efforts will include:

I. Cowe11 lunar trajectory. N-body space trajectory program which

numericaUy integrates the equations of motion by CoweU's method

Z. Circumlunar trajectory analysis. Determines the orientation of
the radius vector required for a translunar trajectory which has

a perilune radius of approximately zero. This program will

modify these initial conditions and go through an iteration process

in order to go circumlunar and satisfy perigee radius and flight _
path angle at entry.

3. Conic 3-D. Restricted two-body equations of motion for elliptic

and hyperbolic orbits in three dimensions. Eleme_ts and

orientation of conic_ position, velocity and time at a specified

radius and at perifocus will be computed.

4. Circumlunar trajectory Encke's method. Using Encke's method
with true anomaly as the independent variable_ this program will

compute a precision trajectory for transearth, transmoon, and

circumlunar flights, and will incorporate maneuver capabilities.

The error analysis program 16 body error analysis will compute one

(6 by 6) injection-terminal error-matrix and up to 50 (6 by 3) midcourse
velocity-terminal error matrices. It also will compute partials of

23 observation and tracking variables, and for each of these variables, a

(6 by 6) symmetric matrix which relates measurement deviations due to
injection deviations.

o

The program for flight dynamics is the generalized six degrees of :_
freedom analysis. This program will include oblate rotating earth with

staging, winds, gravitv_ heating, heating control, accelerometer, autopilot,

aerodynamics, rotating machinery, and guidance.
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The program which supports aerodynamics will include:

1. Newtonian coefficients. Determine static and dynamic hypersonic
aerodynamic coefficients for a body of revolution with an offset

center-of- gravity.

Z. Method of characteristics. Calculate supersonic flow fields by

method of characteristics with improved numerical methods.

The thermodynamics program will include:

1. Heat shield analysis. Make a complete evaluation of the temperature
distribution of the Apollo heat shield.

Z. Flow field. Compute a rocket exhaust gas flow field in a vacuum.

The Utility routines program will include:

I. Integration routine. Integrates a set of differential equations using

a variable computing interval. It employs a Runge-Kutta starter

0 and will accept any predictor-corrector method up to the sixth order.The program is designed to stop on the independent or any dependev t
variable.

Z. Read routine. A relative read routine, which reads and stores

data and curves into preassigned common locations, writes out

the input data and input curvesj selects the proper curve for each
stage, and plots the input curves.

3. Multidimensional curve evaluation. Evaluates a curve, family,
or set of families (twoD three, or four dimensional curves).

4. Searc.h. routine. C_mputes the inverse of any function

Reports and Manuals to be Issued

The performance and trajectories section wiU prepare the reports and

manuals which are identified and listed below along with pertinent publications
data.

I. Contribution to spacecraft performance specification, February 1962

2. Trajectory analysis summary reportp first issue, 15 March 196Z;

periodic revision roughly every six months
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3. Detail trajectory analysis reports, covering the following phases

of flight: entry analysis, space operations, navigation and guidance -
performance studies, and booster analysis studies.

4. Performance and trajectories manual. Internal document covering

a complete history of the pertinent flight mechanics and performance

and trajectory studies in developing the Apollo spacecraft to perform
the lunar landing mission.

5. Individual trajectory and flight plan reports for each of the develop-
ment test series wiU include maximum q, Little Joe II abort series
high-altitude abort - Little Joe series, earth orbital tests -

nonrecovery series, orbital tests - recovery series, and manned
orbital flights.

6. Fllght contributions to the flight analysis reports, which will be

submitted 30 days after each test flight.

FLIGHT DYNAMICS

The basic objectives of flightdynamics will be to ensure adequate

stability and control for the spacecraft; to define and issue dynamics

requirements for the stabilization and control system, launch escape system, :_

reaction control system, and recovery system; and to issue stability and
control design data.

In addition to these objectives, flight dynamics will support structure

and systems design, and development test program and manned operations.

The structure and systems design program will include two groups of
functions.

Functions performed for structure and systems design are as follows: _

I. Publish stability and control data for the design of the stabilization

and control system and for the recovery system

Z. Determine design requirements for the launch escape, reaction

control, recovery, and stabilization and control systems

3. Analyze the dynamics of each flight segment to evaluate the complete
dynamic system

4. Develop analog and digital computer methods for the study of
stability and control
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The functions performed for the development test program and manned

operations will include:

I. Conduct preflight evaluations of flights to establish placards,

limitations, and detail test plans

2. Conduct postflight analyses to correlate test data with theoretical

analysis and to provide data for use on evaluations for subsequent

flights

Technical Study Plan

Space Dynamics

The basic systems affecting the motion of the vehicle in space and during

maneuvers will be the service module reaction control system and the service

module propulsion system. Flight dynamics requirements that include the

desired configuration, thrust level, response, gimbal travel, duty cycle, and
control propellant will be specified for these systevhs based on preliminary

engineering analysis and the use of analog computers to simulate the systems.
When component hardware characteristics become available from the vendor,

the systems will be evaluated in detail with analog simulations.

The flight phases under consideration will be investigated in general

in the following manner. Each flight phase will be divided into subphases,

and criteria established for each. Concurrently, equations of motion
applicable to the respective flight phase and compatible with both analog and

digital computers will be written. Simplified engineering analyses will be

performed to depict pertinent problem areas and establish computer study

objectives and study schedules. Computer studies will then be made with

data based on current estimates. Results from the computer studies will be
analyzed and documented and the basic governing criteria and concepts
reevaluated.

Flight test support will be provided in the form of test objectivesp

required instrumentation, test planning, and mission simulation both

preceding and subsequent to the flight. A flight description handbook will

be provided as will test site support. After correlation of flight test data

and analytical resultsp the mathematical model of each of the flight phases

and hardware components wiU be updated.

Data from the Mercury and Gemini programs will be integrated into

all studies where these data are applicable.

0
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_O Other problems which will be studied are the effect of propellant sloshon control dynamics and precision attitude hold, and the allotting of control

modes between manual and automatic control while maintaining acceptable

performance.

Preentry Flight Phase

A six-degree-of-freedom combined analog-DDA slmulation wiU be

utilized to investigate problem areas associated with the preentry flight
phase. A six-degree-of-freedom digital program is being formulated and

coded as a backup for the analog n_echanization.

Primary problem areas to be investigated are (I) separation dynamics
and modules _ clearance subsequent to separation, (Z) heat shield forward

positioning about the pitch axis, (3) orientation of the command module as

required for entry using three-axis attitude control, (4) determination of

proper time or distance prior to entry at which to initiate separation, and

(5) control system logic and propellant requirements.

Entry Flight Phase

The combined analog-digital entry simulation will be utilized to investi-

gate problem areas associated with the entry phase of flight. This mechani-

zation describes complete six-degree-of-freedom motion of the command

module traversing a three-dimensional trajectory over a spherical rotating

earth and includes the attitude control system logic together with a predictive

guidance system. It is tied to a cockpit which displays the vehicle environ- .

men, in the form of an instrument display.

Problem areas to be investigated using ,hi F mechanization are

(1) reaction control system requirements, namely, motor thrust levels,

amount of propellant_ control systeI_ configuration and parameters, and

reaction motor duty cycles, (Z) steering logic required for mission flexibility,

terminal accuracy, and low error sensitivity, (3) emergency entry technique,

system malfunctions_ and subsyste_ts compatibilityj and (4) simulation of all
test conditions.

Investigation of the above problem areas will be augmented by use of

simplified computer studies and theoretical analysis. Some of these efforts

will be (I) stability analysis employing topological methods, (2) feasibility

and comparison studies of various trajectory shaping techniques using special

purpose digital computer studies, and (3) evaluation of short-period dynamic

characteristics by use of analog and digital computers.

In addition, effort will be directed toward formulation and coding of a
generalized six-degree-of-freedom digital program based on building-block
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logic. The ultimate aim of this effort will be to provide a library of building
blocks conducive to rapid assembly of programs for any vehicle configuration,

control system, and flight regime.

Recovery Flight Phase

A six-degree-of-freedom digital program wiU be used in investigating

problem areas associated with the recovery phase of flight. Problem areas

to be investigated are (I) free flight stability characteristics and trajectory

motion of the recovery vehicle, (2) formulation and test verification of

mathematical models of drogue and mainparachute load characteristics,

(3) stabilizing effects of the drogue parachute on command module motion,

(4) criteria and parachute landing system design justification and evaluation,

(5) dynamic chara=teristics ,_frecovery system for abort and normal entry

conditions, and (6) simulation of all test conditions.

Investigation of the above problem areas utilizing computer models will

be augmented by theoretical analysis. Some of these efforts will be: (I) sta-

bilityanalysis using topological methods and (Z) recovery system weight

tradeoff approximations between design criteria and system requirements.

Escape Dynamics

Parametric studies of the dynamic characteristics of the launch escape

system will be carried out using both analog and digital computers. Parame-
ters which wiU be varied include

I. Destabilizing jet effects from the launch escape system motor

2. Ballast weight to alter the static margin

3. Launch escape motor alignment tolerance '

4. Gust and wind shear disturbances

5. Control system characteristics.

The purpose of these studies will be to determine whether or not a

control system will be required for the launch escape system, and, if so,
what characteristics will be required of it. A range of aerodynamic

configurations will be studied, and various initial conditions for abort

arising from possible booster control system failure cases will be considered.

D As jet effect data wiU not be available until shortly before the first

boilerplate launch escape system test, it will be necessary to define the

optimum control system characteristics (authority_ gains) based on the
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parametric studies which will be undertaken in advance. As wind tunnel data

become available, the estimates of the optimum system can be refined.

A postflight technical assessment of each boilerplate test will be made

by comparing observed results with correlation studies to be run on a

computer. The boilerplate tests using the launch escape system fan into

three categories: pad abort tests, max q tests, and high-altitude tests.

The information gained from e_ch test will be used to reevaluate the

dynamics of the system during escape.

Reports and Manuals to be Issued

Data relating to the reports and manuals to be prepared by Flight
Dynamics are presented below.

I. Stability and Control Data Manual (First Issue 1 May 1962)

This report will contain basic stability and control data. It will

be the official source document for stability and control data used

in the design of the stabilization and control system and the recovery

system, and wiU be revised periodically as later data becomes
available.

Z. Drogue Chute Design Evaluation (First Issue 1 June 196Z)

3. Main Chute Design Evaluation (First Issue I August 1962)

4. Postflight Analysis of Boilerplate Recovery Tests (First Issue

I May 1963)

5. Thrust Vector Control Design Evaluation (First Issue 1 July 196Z)

•_ 6. Preflight Pad Abort SimulatiOn (First Issue 1 January 1963)

7. Pad Abort Test Evaluation (First Issue I June 1963)

8. Max q Preflight Abort Simulation (First Issue ] May 1963)

9. Max q Abort Test Evaluation (First Issue 1 September 1963)

I0. Final Launch Escape System Evaluation (First Issue 1 January 1964)

1 I. Service Module Reaction Control System Evaluation (First Issue

I February 1963)
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12. Service Module Main Propulsion Control Evaluation (First Issue

1 March 1963)

13. Preflight Service Module Abort Simulation (First Issue I April 1964)

14. Service Module Abort Test Evaluation (First Issue 15 June 1964)

15. Detail Entry Control Requirements (First Issue I August 1962)

tlr

16. Entry Range Control Evaluation (First Issue 1 January 1963)

17. Preflight Simulation of Service Module Orbit Ejection and Entry

(First Issue 15 February 1964)

18. Entry and Service Module Control Postflight Analysis (First Issue

15 July 1964)

WIND TUNNEL TEST PROGRAM

The basic objectives of the wind tunnel test program will be to provide

information on the (1) aerodynamic forces and environment on the various

configurations, (Z) aerodynamic heating data, and (3) aeroelastic data. In

addition to these objectives, the wind tunnel test program will support

structure and systems design and development test program and manned
operations.

:'3

The Aerodynamics section of the Flight Technology department

manages the Apollo wind tunnel program. Tests are conducted for aerody-
namics, thermodynamics, and structural dynamics. Based on requirements

received from these activities, models are designed and constructed, and

tests are planned and conducted. Upon completion of each test, a data report

is issued to the test requestor for analysis.

As data become available from the development test program and from

manned flights, further tests, which cannot be defined at this stage, will be

performed to investigate discrepancies which become apparent between flight
results and earlier wind tunnel tests.

Technical Study Plan

Test Objectives

The test objectives of the proposed wind tunnel test program will

provide the following data:

1. Static and dynamic stability of the launch escape system and t_he _:
command module throughout entry and recovery, including effects

of heat shield symmetric ablation
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E. Escape rocket motor jet effects on stability of the launch escape

system

3. Stability of the escape tower and the command module as a function

of separation distance

4. Static stability of the space vehicle configuration, including booster

alone and separation simulation

5. Reaction jet effects on stability of the entry configuration

6. Steady-state pressure distributions on launch escape and entry

configuration

7. Transient pressures due to aerodynamic noise and buffet of the

launch escape system, launch vehicle configuration, and the
command module alone, including data recorded during simulated

escape motor operation

8. Buffet loads effect on the bending mode shapes of the space vehicle
structure

9. Aerodynamic heat't-r_ansferdistributions on the launch vehicle,

launch escape system, and entry configuration

I0. Heating of service module by attitude control rocket exhaust

ll. Ser_,ice module base heating

Spacecraft Design and Evaluation Tests

Static stabilityand control data will be obtained in wind tunnel tests

conducted over a Mach number ranges from 0.Z to Z0. Data at higher

velocities will be obtained in ballistic ranges and free flightfacilities. Actual

flightReynolds numbers will be duplicated for most tests of the command

module during entry.

Escape rocket motor jet effects on the stabilityof the launch escape

system will be obtained by testing a model with a hydrogen peroxide

monopropellant rocket to simulate jet effects.
"!I

Dynamic stabilitywill be evaluated in transonic and supersonic wind

tunnels by means of a dynamic balance. Free damped oscillation techniques

also will be used to determine damping derivatives.
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Structural design information will be obtained from model static

pressure measurements in the 1.5 to lO Mach number range. Transient

pressures, due to aerodynamic noise and buffet on a large scale model, will

be obtained in the subsonic, transonic, and supersonic regimes up to M = 3.5.

Aerodynamic hea_ng rates will be determined from rate-change
measurements of surface" temperature by using thin-film or variable

reluctance heat-transfer gauges, or by measuring the output of thermocouples
mounted on the inner surface of a thin-walled model. Data will be obtained

in impulse, continuous flow, and free-flight wind tunnels. In free-flight

wind tunnels, heating measurements will be made by either picking up the

output of a single thermocouple inductively, or using a miniature FM
telemeter transmitter.

Launch Vehicle Interface Studies

The static stability and control effectiveness at the lower ranges of

velocity and altitude encountered by the launch vehicle will be investigated

by means of well established wind tunnel techniques. Steady-state and
transient pressure distributions will be obtained for loads calculations over

a Mach number range from subsonic to 3.5. Aerodynamic heating rates will
be determined for a Mach number range from 1.5 to I0.

I

Aeroelasticity Tests

Transonic tests of a structurally simulated 0.08 scale model wiU be

conducted to determine the effect of buffet loads on the bending mode shape
of the structure. .

3et Reaction Studies

The effectiveness of the reaction jet controls of the entry configuration

will be investigated in the Mach number range from 8 to I0. Gas under high
pressure will be exhausted from model posts to simulate the reaction jets.

Service Module Base Heating

Rocket heating data associated with the service module attitude control

and propulsion systems will be obtained by the use of scaled motors in rocket
test facilities.

Test Facilities

A list of the test facilities planned to be used is given in Table I.
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These facilitiescover the full range of night conditions encountered

from launch to entry and recovery. They fallinto four general categories:

I. Continuous tunnels, covering a range of Mach numbers fromi

subsonic to 14

g. Blowdown tunnels, at subsonic, transonic, and supersonic Mach

number s

3. Impulse tunnels. These are either arc driven (hotshot) or shockl,i

tube driven (shock tunnel), and provide Mach numbers above 15.

4. BaUistic ranges. Superorbital velocities can be reached in these.

Also, tests free of _,_inginterference can be performed at lower

speeds in these for comparison purposes.

Reports and Manuals to be Issued

The following reports and manuals will be issued to doc_Lment the wind

tunnel test program.

Apollo Wind Tunnel Program Report (First Issue 30 January 196Z)

Test objectives, test facilities,models required, and tunnel test hours

for the Apollo program are discussed in this report. Also included are the

proposed schedule of wind tunnel tests, tests completed, reports published,

and the relationship of the test program to the design phases of the vehicle

development. This report will be updated and issued quarterly beginning

I April 1962.

Pretest Reports

Test objectives, configurations to be tested, test conditions, and the

run schedule are presented in these reports. Instrumentation requirements

and data reduction and presentation are also included. A pretest report

will be published for each of the tests which are scheduled. The report is

published approximately four weeks prior to the test depending upon the

requirements of the particular facility.

Data Reports

The wind tunnel test results are presented in tabular and plotted format

in the data report. Model and Schlieren photographs plus dimensional data

are also included. These reports will be issued 30 days after the completion
of each test.

i
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Apollo Wind Tunnel Summary Report (First Issue I October 1964)

Upon completion of the Apollo wind tunnel program a report will be
published summarizing the testsby testhours, facilities,and models. A
summary of allpertinentreports also will be included.

/,
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LIFE SYSTEMS

INTRODUCTION

Beyond the normal equipment engineering problems associated with

manned space flight, the capability of man to survive in space, as well as his

ability to function efficiently as part of a complex integrated system, looms

large as a major problem in the performance and success of the Apollo
mission. He must carry his habitable environment with him. He will be

faced with medical, physiological, and psychological problems which can

lead to performance failure. Yet, the Apollo mission must provide a safety

probability of 0.999 and a completion probability of 0.90.

The close coordination of man and machine demands the exact determi-

nation of equipment requirements and human capabilities for man and

equipment integration within the Apollo program and places man in a unique
situation. He becomes a system in a loop of systems, while retaining his

status as controller of overall systems performance.

OBJECTIVES AND RESPONSIBILITIES

The purpose of the Life Systems Group is to recognize, analyze, and

resolve those problems pertaining to the man in the loop. Life Systems

responsibilities include the incorporation of these problem solutions into
equipment design, establishment of compatible man-system interfaces

,-equired between the Apollo astronauts and the Apollo spacecraft within the

constraints of weight and volume requirements, and the establishment of
criteria for those systems needed to provide the environment which wilt

allow the astronaut to perform effectively throughout the mission. The cycle

for incorporating solutions into equipment design is comprised of (I) human

engineering design and evaluation of design for both flight crew and ground

crew systems, (2) simulation, (3) testing and verification, (4) human factors

analysis, (5) task.design and analysis, and (6) establishment of medical
parameters. _

To accomplish Life Systems responsibilities within the Apollo program

{he group is divided into three major sections, composed of ten functional
units, as follows:

• i1. Human Engineering Section PREGEDINQ PACE BLAI_K-NOT FILMED

Crew Equipment Unit _ _------ ,
Personal Equipment Requirements Umt ......................

- 151 -
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Spacecraft Design Support Unit

Ground Control and Support Unit ......

2. Crew Simulation and Testing Section

Crew Simulation Requirements Unit

Technical Coordination and Support Unit

3. Human Factors Analysis Section

Task Design and Analysis Unit

Crew Performance and Training Unit

Crew Operations Unit

Biomedical Unit

The development cycle is illustrated in Figure 47.

Human Engineering

Human Engineering analyzes requirements, prepares designs, and

develops and specifies tests for crew system equipment and components.
This section also develops the basic criteria and layouts for flight crew

living and work-space arrangement, crew seating and restraints, interior

lighting and color, visibility provisions, optical systems, ingress-egress

provisions, controls and displays, food and water management, as well as

various other items of personal equipment. This section provides support
to GSE and Training Equipment Design through direct coordination with these

groups on all human engineering pr,_blems.

Crew Equipment Unit

The "Crew Equipment Unit develops and designs crew arrangement

layouts, controls and displays layouts, vision layouts, interior lighting

details, restraint and couch pad details, rest station provisions, and
weightlessness control methods and equipment. Figure 48 shows the

flow pattern of the development plan.

Personal equipment includes couch pad and restraint equipment, which
must be designed to allow maximum movement and comfort, while providing

proper restraint during periods of acceleration and vibration and under

conditions of weightlessness. The crewman must be accommodated while he

- 152 -
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I N A S A I

1
MISSION DEFINITION

REQUIREMI_NTS
DATA "

ANALYSIS _-_ DESIGN I I _i_ TEST

ENGINEERS ANTHROPOLOGISTS ENGINEERS

PSYCHOLOGISTS ENGINEERS ANTHROPOLOGISTS

PHYSICIANS INDUSTRIAL PSYCHOLOGISTS
DESIGNERS

PHYSICISTS PHYSIOLOGISTS

PHYSIOLOGISIS PHYSICIANS

MICROBIOLOGISTS (SUFPOPT)

Figure 47. Life Systems Personnel

- 153 -

/



/

NORTH AMERICAN AVIATION, INC. (_) _pACI_axldiNI,-ORNIATION_,_BTFjMB,)|.4,.!BION

- 154-

SID 6Z_.223

,, i I I | I I II IIII Ilnnnlll II I II " { " " "111
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is in the pressurized garment assembly or the constant-wear garment.

Couch liners will be made to improve load distribution. Comfort liners will

overlay the couch liner. Couches are to be adjustable, so that they can be

_ttilized by the 10th through the 90th percentile man. Couch design will
utilize the internal spacecraft dimensions to maximum effectiveness. For

example, the center couch will be stowed under the left hand couch and used

as a bed and sleeping area while in flight Design problems of eliminating

cabin light, reducing the noise le'_el for the sleeping crewman, and providing

air circulation and freedom of movement during sleep will be resolved through
simulator and evaluator studies.

Mock-up and anthropometric studies being conducted will determine the

most practical use of storage space" and of methods to confine the contents

of drawers and cabinets within the spacecraft while it is in zero and negative

g conditions. Alternative designs will be investigated to determine which

types of equipment are least likely to cause damage to pressure suits or

injury to personnel. Handles, latch mechanisms, maintenance tools, and

cleaning equipment will require special designs for safety.

Personal Equipment Requirements Unit

The Personal Equipment Requirements Unit is concerned with achieving

the most compatlble relationship between the astronaut and the spacecraft

and systems. Eating, drinking, defecation, urination, regurgitation,

personal hygiene, communication, _nd mobility become probler,_s under

zero g conditions. Anthropometric and mock-up studies will determine the

configuration of the toiletand associated equipment, and methods of use.

The disposal of noxious odors and the methods of handling, storing, and

disposing of urine _tnd feces are problems requiring investigation. The

physical and chemical properties of personal equipment must be examined

to determine the usefulness of such items under thermal variables,

electromagnetic influences, galactic conditions, and Van Allen and solar

radiation exposures. Specific equipment, such as film, semiconductors,

fluid elements, medical and first aid kits, individual survival equipment,

and low-power batteries must be protected from all types of radiation.

Temporary fastening of equipment to places handy and accessible for use

and reuse must be provided.

Tests will be conducted to determine the appropriateness of given

designs and their applications in personal equipment. Coordination with

other activities will produce overall design compatibility.

Spacecraft Design Support Unit

The Spacecraft Design Support Unit has the bas_.c objective of expe-

diting and coordinating human engineering design criteria into Apollo

- 155-
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IO spacecraft systems and equipment development. This unit also provides a

systematic flow of life systems criteria to support Apollo engineering design

groups in the development and implementation of life systems designs
(Figure 49).

Ground Control and Support Unit

The Ground Control and Support Unit has the objective of establishing

and maintaining human engineering criteria for ground support and training

equipment. This unit monitors and reviews all design prerelease drawings,

proof and system tests, and checkout procedures to determine the compati-

bility of the man-machine relationship. Results to be expected from the
work of this unit are standardization of instrumentation, maximum console

panel utilization and reliability, and safe man-machine interfaces.

Crew Simulation and Testing Section

The Crew Simulation and Testing Section develops the planning, organi-
zation, direction, and operation of all life systems crew testing and simulation.

The test program being developed by this unit considers man-equipment,

man-_nvironment, and man-man interactions within Apollo mission profiles.

In addition, this group will conduct all manned simulation that is required for
the Apollo test program (Figures 50 and 51).

Crew Simulation Requirements Unit

The Crew Simulation Test Requirements Unit will procure equipment

and facilities for tests, coordinate and conduct tests in accordance with life

systems requirements, direct all lifesystems test participation in boiler-

plate and spacecraft programs, and compile data and records of such tests.

It will plan, organize, and operate all Apollo lifesystems crew simulation

activity, including crew performance tests, system development studies,

crew task tests, biomedical tests, and other physiological and environmental

simulations. These tests will be conducted in work-space _nalyzers,

simulators, evaluators, and mockups. The life systems crew testing program

and test requirements are illustrated in Figures 52 and 53.

A life systems test program will provide an evaluation of all factors
affecting crew reliability and safety and will demonstrate that the crew can

perform the reqv;red tasks at the necessary level of proficiency under the

anticipated conditions of the mission. The life systems program wil!

evaluate crew performance as an integral function of Apollo system design.

The primary emphasis will be directed toward achieving the required
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Pigure 49. Crew Couch Panel
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Figure 50. Grew Function Testing
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Figure 51. Crew Function Testing
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I CREWSIMULATION I
II AND TESTING J

I '

I CREWSIMULATION I
ACTIVITY

I ' i
INDIVIDUAL FLIGHT SIMULATION

ENVIRONMENTAL CON01TIOI_ I_EW OPERATIONS

META||OLIC NEFLIGHT

GA._Ot_ LAUNCH

TEMff_TUEE ABORTS •

ACCOU_TIC _m ORlilT

ACI"ELERATIO N CISLUNAR O_IT

VIISATION _SF.AItTH & LUNAR

RENDEZVOUS & DOCKING

|[ENlraY. ETC.

i i

INDIVIDUAL INTERFACE i

CREW F_FORMANCE CRL_W PERIR_vtANCE HUMAN _NGINEERtNG

TASK & FUNClrlONS TA_ ALLOCATION cohmtoL 0tS_.Ay

, , SYSTEMS & EQUIFMENT DUIY ERORLES CABIN AI_ANG_NT

ISlOMEDICAL FUNCTIONS "WASTE MANAGEMENT

PREUMINMY TIME MANAGEMENT
TASK EVALUATION

STATION AmlANGEMENITi

,N_OU_ i !
svs;_ I I

SlMULATIOI_ h/ I [ "
& [VNJJATIO

a
I I | P[]_R[_IPJ_Af_H_E | i ENVI_DNMENT | | OPERATIONS& | I CABIN

II l! II II _'°" "_""l 1_$T$ nST$ TESTS PERTEr_ "CE MISSIONSIMULATIONS; /E$1r$

! I I I i I

INTEGRATED SIMULATIONS I

AND EVALUATION

FINAL TEST

Figure 57.. Life Systems Crew Simulation Activity
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Fig_re 53. Life Systems Crew Test Activity
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D reliability and safety goals by assuring a thorough integration of human

capabilities and limitations with systems design.

The life systems crew simulation and testing program will follow the

logical progression of systems evaluation, beginning with individual

components and systems tests and progressing through multiple systems tests
and in-flight tests. Test activities will he carried out in the areas of

man-machine, man-man, and man-environment interactions. Crew systems

qualification and reliability criteria will be evaluated by crew performance

tests under partial- a.nd full-mission simulations.

Evaluation of individual systems operation will be employed to determine

the adequacy of life systems criteria and specifications at the detailed design

level in the crew performance analyzer, in simulators No. _1 and No. Z,
evaluators !, Z and 5, and the mockup. Man-machine (human engineering)

tests will be conducted to evaluate preliminary spacecraft and related GSE

subsystem man-machine interface designs;

As systems design, crew requirements, and mission procedures

become firm, test activity will follow the typical progression from design-

development activities to first-run and prototype hardware installed in

|_ boilerplates B-l, B-Z, and B-14 and AFRM 001, 006, and 008. The major
IW emphasis during this latter phase will he placed on crew performance

validation during partial- and full-mission simulation studies.

Human Factors Analysis Section

The Human Factors Analysis Section will develop task and performance

analysis requirements for test and simulation and interpret test and simu-

lation data pertaining to human factors in flight and ground crew performance
and training, crew operations, and biomedicine. This section will resolve

these _equirements into safe and effective operational values to assist in

life systems design, development, and test criteria determinations. _ ,

Figure 54 shows the flow plan for human factors design criteria.

Task Design and Analysis Unit

Task Design and Analysis personnel will establish man-machine function

allocations, crew flight information, and communications requirements.

They will prepare crew task analyses and descriptions, integrate crews, and

allocate tasks. In addition, they will establish human factors information

requirements for all GSE and GOSS. Task-equipment data will be updated

and tabulated by electronic data processing. Specialized analyses will be

applied to critical man-machine system design problems; these analysis

include link, time-line, and second-by-second operations analysis. This
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unit also will establish life systems in-flight maintenance proccdures criteria

and design trade-off data. During the course of system testing, it will

analyze reliability failure reports to identify human-initiated malfunctions
and recommend corrective action. The section will also provide taskdata for

operations and maintenance manual preparation. Figure 55 illustrates the
functions of the Task Design and Analysis Unit.

Task Design and Analysis will conduct analysis of human factors

requirements for in-flight maintenance. Generally, the problems involved
are {l) performing maintenance activities during weightlessness and

{2) involving the optimum human factor in systems to improve reliability.

Specifically, the problem areas will encompass the design of controls,

displays, work-space layout, and also, the anticipation of man-machine
difficulties in the operation and maintenance" of equipment.

The work will be done according to the requirements derived from

analysis of missions, operational environments, and failure modes to
determine the contribution the crew can make to reliability. The results of

analysis will help effective utilization of on-board resources to assure

reliability through a more realistic human factors design prior to hardware

design effort.

Crew Performance and Training Unit

Crew Performance and Training will design, develop, and test methods

for evaluating flight crew performance in training. This unit will establish

performance criteria for GSE and GOSS operators. It will assist in the

designing of, and support the conducting of, tests and simulations to identify

areas needing performance validation.

Crew Performance and Training will continue the analysis of airborne

and ground crew task data developed by the Task Design Analysis Unit to

_ ascertain that the performance required of the system's human components

is within expected human capabilities. Figure 56 illustrates the functions
of the unit.

Performance Criteria. Performance criteria will, at first, be based

on the observation of air and ground crews' performance of simulated missions.

As ground support equipment becomes available, crew performance analysis
will be made of operational units.

Though based on conventional methods and techniques, the validation
measures developed will be intended for the Apollo spacecraft and _vill have
to be altered to best serve continuous development of the Apollo vehicle

and its supporting equipment.
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Figure 55. Functions of the Task Design and Analysis Unit
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Some of the factors for investigation of crew performance are:

1. The effects of environmental stre_.s_s; such as, confinement,
vibration, and noise

• 2. The capacity of the crew to increase reliability by the manual

control of malfunctions in an automatic system

3. The capacity of the crew to perform tasks on more than one

system during any particular time period

4. The effect of a malfunction in relation to its time of occurrence

in the mission profile.

5. The estimation and verification of human reliabilityunder

manual, maintenance, and emergency conditions.

From this analysis, certain areas of task design can be specified for

simulation or test to provide validation. Crew Performance and Training

personnel analyze the resultant data and report to Task Design and

D Analysis Unit, to Training Program Development, and to TrainingEquipment Design.

Effects of Variables. The effects of such variables as confinement,

noise level, and work toad on selected performance parameters will be

analyzed. Studies are presently tmderway to determine how the confinement

of the crew in an Apollo mock-up will affect human ability to track, monitor

the pahel, and make simple decisions. A battery of psychomotor and

reasoning ability tests will be administered before and after the confinement

period to further assess the effects of confinement on the psychological
functions of the crew. 0

As hardware and crew functions are defined in more detail, specific
problems may appear which are related to work loads, human constant

tracking error, and problem solving ability. For example, a constant tracking

error will be apparent in the navig-ttion procedure. Methods for correctin_ ,,_
this error, as well as the determination of the amount of error as a function

of confinement, fatigue, stress, etc., will be investigated by Crew

Performance and Training. The study of human error will be particularly

crucial for determining the feasibility of manual back-up procedures.

Crew Operations Unit

IO The Crew Operations Unit is concerned with the interpretation of crew :f

task schedules and performance variables, correlated to the analyses of

spacecraft equipment and correspo_ding systems performance fundamentals.

I " 7J.... 1 " I"II "l "_"" "i....... l ...... f" l- " Ill" ['" I_I....
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The objective is to establish operationally effective and safe crew-

equipment-mission interface parameters. This will result from continued

configurations analyses, mission profile and time-line examinations,

spacecraft systems investigations, procedural activity studies, crew

performance measurement evaluations, and the effective accumulation and

integration of operational inputs and evaluations. Figure 57 illustrates
the function of the unit.

Cperational Factors Studies and Determinations. By evaluations of

prior manned spacecraft performance data analysis and man-machine studies

of the spacecraft control-display subsystems, on-board systems command
and control variables (automatic versus manual), operator vision and visual

support aids, and crew support equipment hardware design specification

outputs, this unit will specify and integrate critical and non-critical

operational considerations. In consonance with this effort, continued

up-dating and revision of crew operational requirements by coordination of

pilot and astronaut operational inputs will be undertaken. This timely and

technically effective procedure will comprise a major and important portion
of the overall effort of this unit.

These evaluations will entail detailed examinations of spacecraft

and hardware mechanization investigations and configuration analyses. The

products of these efforts are the determination of operational requirements

for spacecraft advanced and state-of-the-art basic control and display, crew

support aids development, operator vis(on pararr_eters, and establishment of
human factors criteria.

Aerospace Safety Determination. This unit studies safety factors

connected with ground test, launch, flight, and recovery operations. These

operations are analyzed, using the projection of requirements from life

systems criteria. From these analyses, further life systems criteria
are obtained.

Studies of GSE, site and recovery equipment, and flight article

equipment, when there is a direct connection with the ground or command

module crew operation, wilt concern life systems safety requirements
determinations. These criteria will involve configuration analyses,

procedural d£,_elopment, and crew operational limitation involvement studies.

The development and implementation of life systems safety

requirements will entail participation of this unit in periodic meetings of the

Life +Systems Hazards Review Board (LSHRB) and direction of the activities

of a Life Systems Aerospace Safety Committee (LSASC). The purpose of the
LSHRB is to review simulation and test programs in which human subjects
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Figure 57. Crew Operations Unit Functional Flow Diagram
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and monitoring personnel are involved, so that safety requirements may be

developed and implemented for these tests. The purpose of the LSASC is to
review spacecraft GSE and flight article crew-equipment coordination and

submit life systems safety requirements to cognizant project personnel.

The requirements and criteria associated with aerospace s'.fety will be

developed in consonance with, and be compatible with, reliability assessments

or equipment-mission-success data and with crew performance measured
values.

Configuration Refinement Criteria Development. This unit will provide

human factors design criteria, graphic and written rationales to support

developmental design efforts, and design cl_nge considerations for mock-ups,
evaluators and simulators, boilerplatel and spacecraft articles. From this

information, operator procedures, mission phasing plans, and system

equipment contingencies are developed. In addition, Criteria Development

investigates the effectiveness of ov.erallman-machine cross-relationships.

Biomedical Unit

The Biomedical Unit has the objective of providing biomedical support

0 to the design units and establishing medical parameters human
for tolerance

limits under conditions of stress. This unit must establish the human

environmental parameters and analyze and define the physiological and

medical stresses on crew members. It is concerned with major problems

involving astronaut safety and we11-being and with the prevention of direct

injurie§ to the crew.

The functional breakdown for biomedical program planning is listed

below," followed by a discussion of typical activities of the Biomedical Unit.

I. Analysis to Determine Tolerances, Hazards, and Requirements

a. Environmental conditions

Acceleration

Vibration

Noise

Temperature

Oxygen
Carbon dioxide
Radiation

Toxic contaminants
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b. Metabolic conditions

Physiological effects on performance
Food and water

Cardiovascular

Responsiveness
Inner ear

Biochemical

Health

c. Crew systems

Waste management
Food

Personal hygiene

Restraint and support

Medical supplies

Survival equipment

Human instrumentation

2. Analysis and Review of.Specifications

Interface

Pressure suit

Spacecraft systems
Safety

Crew systems
Test

GSE

3. Support of Tests and Evaluations

Medical testing

Laboratory testing
Test instrumentation

Analysis of Hazards: Human Tolerance and Response to Stress. The

initial approach is to survey the literature on human tolerance to stress. ,;

Stresg can be divided into (1) physical stress, (2) toxicity or chemical stress,

(3) mechanical stress, and (4) radiation. The physiological and psychological
responses to stress are the main fields of biomedical interest.

The several categories of physical stress are acceleration, continuous

D g-forces, impact, weightlessness, tumbling, p_essure, decompression,
noise, vibration, and thermal stress.
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Toxicity can be divided into endogenous and exogehous toxicity.

Endogenous toxic products come from fuel leakage, highly reactive free
radicals formed by interaction of radiation with molecules of matter, leakage

gases, and combustion products from spacecraft equipment. Exogenous

sources include toxic products that affect metabolism, such as carbon
dioxide and acetone.

Mechanical stress occurs from the impact of mlcrometeors on the

cabin and consequent explosive decompression of the interior.

Various types of radiation are to be considered, including those of

the Van Allen belt, the artificialbelt from nuclear weapon detonations,

galactic or cosmic rays, ultraviolet rays, solar storm radiation, micro-

waves, intense visible light, and Bremsstrahlung (gamma rays secondary

to the slowing down of incident electrons in matter).

Examples of physiological effects on the body and psychological

responses to these stresses lie in the following areas:

I. Disorientation, e.g., changes occur in the orientation in space
of the otoliths and semicircular canals of the inner ear.

2. Cardiovascular adaptability, e.g., impairment of venous return

to the heart by certain accelerations tends to pool the blood in
the extremities. In this condition the heart does not have sufficient

blood input to function at its fullcapability--the cardiac output

decreases, insufficient blood flows to the brain and other vital

areas, oxygen transfer to tissues is slowed, and vision and

consciousness are ultimately lost.

3. Visual responses, e.g., under conditions of heavy vibrations, and

especially with dim lighting and crowded conditions, the reading of i• ,:::!

-_ instruments is hindered.

4. Loss _f muscle tone in the weigl_fless state requires specially
devised exercises and training.

5. Alternation of the normal human work-rest cycle falls out of f ,
step with the usual daily variations in psychological and physio- :_

logical parameters.

b. Confinement in limited space and isolation from the normal

multiple sensory inputs of everyday lifeaffects responses.

O 7. The general deterioration in overall performance of man reflects
many combined stresses.

- 1;2 -
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Information from these areas is analyzed in terms of the best estimate
of the stresses inherent in the Apollo mission. Data are obtained on mission

profiles and design. Design specifications are obtained from groups respon-

sible for the crew support and restraint system, survival and personal

equipment, environmental control system, flightdynamics, communication,
instruments and electronics, structures and materials, ground support and

control systems, and others. Design criteria and limits are established,

which are employed by engineering design. Final design is checked for its

fulfillment of biomedical requirements_ Results of tests, such as con-

finement simulation tests, are evaluated and, if necessary, additional

requirements are established.
|

Test Support and Evaluation. Several series or tests involving

confinement, pressure suit operation, environmental control System function,
and human centrlfugation are contemplated over the next several months.

I. Test objectives and procedures, as well as potential hazards,

will be surveyed.

2. Emergency facilities will be set up and procedures instituted for

test programs involving human volunteers. (A medical monitor

will be present whenever necessary. )

3. Subjects will be evaluated medically, qualified for the test, and
medically examined pre- and post-test.

4. Bioinstrumentation facilitiesfor programs will constitute another

major responsibility. This involves procurement and operation

of gear for securing such data, as electrocardiogram, heart rate,

respiratory rate and volume, on several subjects at one time and

over extended time periods. :_'_

5. Needs for further testing wiU be established.

Vision.

:i

i. The Biomedical Unit will survey literature to define visual hazards i
jl (e. g., the effects of acceleration, vibration, illumination, etc., on

visual performance) and determine limits of human tolerance to the
stresses which affect vision. These activities will be coordinated

with the Crew Performance Unit.

2. Physiological req,_irements will be established.

- 17_-
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3. Biomedical requirements for simulation and tests will be defined.

4. Test subjects will be monitored.

5. Test results will be evaluated and requirements, formulated from
test results, will be reviewed.

6. Data will be obtained from other Apollo groups on mission profiles

and design plans.

7. Analyses will be made of above activities for compliance with

physiological requirements, and biomedical specifications will

be defined for final design, based on test results and updated

physiological requirements.

Ground Support Crew Health.

I. Studies of ground support operations will be made by the
Biomedical Unit.

2. Data will be obtained from other Al_llo groups, i.e., Ground

Support Design and Operation.

3. The need for medical support of ground support crews will be
evaluated.

4. Biomedical requirements will be submitted to ground support

groups.

5. Requirements will be defined for the replacement of disabled

personnel, diagnosis and treatment facilities, and medical

personnel to support ground support crews.

Crew Health.

I. Specifications for bioinstrumentation will be determined.

2. Biomedical requirements will be established for training of

ground support crews involved in physiological monitoring.

3. Studies will be made of possible medical emergencies which may

arise in flight.

4. The course of action to be taken in case emergencies arise will
be outlined.

- .' " - 1"/4 - '
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5. Requirements for medical emergency supplies in the command
module will be determined.

6. Requirements for medical training of astronauts will be
determined.

7. Training and operational medical manuals will be written.

Pergonal Hygiene - Sanitation. This area of work defines parameters,

provides procurement requirements, and evaluates materials and methods
to maintain acceptable levels of crew hygiene and spacecraft sanitation.

Sanitation can be defined as the process of keeping the interior of the

vehicle and its equipment free of noxious odors and particles potentially

injurious to health. Personal hygiene encompasses the processes of main-

taining body cleanliness, removing surplus hairs and nails, providing clean
clothing and dental care.

/

The initial effort in personal hygiene-sanitation is to evaluate currently

available commercial products, as they relate to the promotion of overall

0 sanitary conditions, physlological compatibility, and psychological acceptance.
Items considered for personal hygiene include razor, ingestible dentifrice,

constant-wear garment, cleansing pads, deodorizer pads, toilet tissue, and

defecation-emesls containers. Spacecraft sanitation is integrated with areas

of food, water, solid and liquid waste, and environmental control manage-

ment systems.

Information received from simulator tests is analyzed to determine

further design requirements and refinements needed for personal hygiene

and sanitation equipment. It is anticipated that future effort will be largely

devoted to determining chemical formulations, methodology of use, and the i:ii
effectiveness of sanitation and personal hygiene materials.

Spacecraft Microbiology. Measures are necessary to prevent and
control microbial action during the Apollo mission that could be detrimental
to the health of the crewmen and the performance of the spacecraft. Micro-

biological populations are involved in the following areas of consideration:

I. Items and procedures for personal hygiene

2. Sources and types of contarnination_aerosols, food, water,

clothing, human flora, wastes, and equipment

Q 3. Preservation- and safety of food and water

4. Methods of decontamination and control

175 -
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5. Transmission and control of infectious diseases

6. General crew health

7. Microbial action on equipment

8. Toxic or o_fensive gas production from wastes

9. Mutagenic effects on micro-organisms after exposure to radiation

The effects of environmental conditions during space flight, such as,

temperature, relative humidity, light, partial pressure, gravity, gaseous

atmosphere, and radiation, which morphologically and physiologically affect

biological entities, are largely unknown. The Mercury space flights

presently offer the best opportunities for studying the interaction of man,

spacecraft, and micro-organisms. In addition to qualitative and quantitative
assays during simulator tests, microbiological experiments will be per-

formed on the Mercury and other flights preceding the Apollo mission. An

evaluation of the results in conjunction with our present knowledge will lead

to establishment of microbiological requirements for the Apollo mission.

Toxicology. The Apollo Work Statement (paragraph 4. 5. Z. 6) states

that the contractor "... shall define the complete design criteria for the

spacecraft and spacecraft systems and for all ground equipment. The design

criteria shall incorporate the guidelines of Part 3 of the Statement of Work,

where applicable. " The only guide line provided for atmospheric contami-

nants is for carbon dioxide. Accordingly, toxicological work of the

Biomedical Unit is concerned with the following tasks:

I. Assistance will be provided to other cooperating groups to evaluate
the toxic hazards of various materials used in the interior of the

command module. Biomedicine will contribute_toxicological
information, the Materials and Producibility Utiit will supply
information on the chemical nature of the materials and of the

atmospheric contaminants, and the Environmental Control

Analysis Unit will offer information on the levels to which atmos-

pheric contaminants can be controlled. All of this information

is required to evaluate toxic hazards.

2. Permissible continuous (for Z weeks) exposure limits will be

determined for atmospheric contaminants expected to be in the

command module interior.

3. Emergency (short time) exposure limits will be determined for
zuch contaminants as may be expected to present such a problem.
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4. Support will be provided in the design and evaluation of tests of
contamination in the command module atmosphere.

5. Support will be provided in the evaluation of the potability of

water from fuel cells by supplying toxicological information.

6. Other toxicological information will be furnished as needed.

7. Apollo design criteria specifications pertaining to toxicological

aspects of Apollo design will be developed.

8. While most of this information will be obtained from existing

literature, testing, when it is directly applicable and necessary
to the above objectives, will be subcontracted.

Radiation. In the absence of guidelines, Biomedicine normally would

establish radiation tolerance design criteria. Since NASA has furnished

such criteria, Biomedicine has set itself two basic goals regarding space

radiation: (I) continued evaluation of this problem and (Z) monitoring of the

Apollo system design, including operations, to insure that the final criteria

0 are not compromised. In line with the above goals, the following tasks are

planned:

I. Continuing review of the biological effects of ionizing radiation,

with special reference to factors of dose effectiveness; such as,

dose rate, dose distribution, partial-body shielding, recovery

rates, drugs, etc.

Z. Continuing study of ionizing radiation exposures in the Apollo
mission

3. Continuing evaluation of permissible ionizing radiation doses for

the Apollo crew (routine and emergency)

4. Reviewing and studying the effects of ionized gases with special

reference to Apollo

5. Providing liaison with the Radiation Shielding Section and
supporting their effort

6. Studying vehicle and personnel dosimeter requirements and

aiding in dosimeter evaluation and integration

7. Reviewing and evaluating simulator test results
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8. Developing Apollo design criteria specifications pertaining to

ionizing space radiations

Nutritional Requirements. To provide adequate foods for the Apollo
mission, a developmental program involving simulator studies and orbital

flights is necessary. Selection of food items should occur primarily through

testing in 14-day .slmul_tor runs, using an ECS and par-tmeter tolerances

identical to those planned for the Apollo mission. Validation of such items

will require use in earth orbital missions, providing a minimum of seven

days utilization under space conditions.

Some of the food items can be checked out under controlled dietary

studies being conducted in simulation runs at USAF SAM, USAS ASD, Ames,

etc. , by consultation wlth other space effort groups at research centers and

universities, and through literature surveys. However, a total nutritional

evaluation within the Apollo configuration, involving complete diets of
freeze-dried and high caloric density foods (and optimal dietary combinations

thereof), should eventuaUy be performed, e.ither by NAA or NASA.
Q

Concepts planned for inclusion in the Apollo nutritional program are:

I. Freeze-dried foods, to be reconstituted either in the plastic

O packaging or in the mouth

Z. Dehydrated foods, compressed into modified bar form without

loss of rehydration capability,

• •

3. Edible packaging, which also h_s nutritional value, thereby

eliminating or reducing unnecessary weight and volume

4. Foods ,_sith high palatability and acceptability

5. Maximum physiological availability to reduce fecal output

6. Variety to minimize monotony effects

7. Survival requirementS: study of the minimum metabolic require-

ments to aid in determining a reasonable margin of safety in

provisioning the Apollo
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THERMO AND FLUID DYNAMICS

The Thermo and Fluid Dynamics Section is responsible for analyses of

thermodynamic performance, heat transfer, and external and internal fluid

dynamics of all Apollo systems for all spacecraft and test vehicle missions.
This section makes extensive use of high-speed digital computers to perform

analyses for all design groups to supply design criteria for components,

vehicle systems, and test articles. To provide realistic analyses, basic

data are gathered from the literature and through laboratory tests. Through

continuing analyses, recommendations are made to the design organizations

for improvements of both in-house and subcontractor-:supplied components
and systems. In addition, verification of system designs and recommendations

for design modifications result from analyses of laboratory and night vehicle
tests conducted by North American, subcontractors, and the NASA. All

these activities are closely coordinated with the S&[D design groups concerned,

the appropriate subcontractors, and the NASA Apollo Project Office.

IQ Activities performed in the Thermo and Fluid Dynainics Section are

organized into four basic areas: Propulsion Analysis, Thermal Analysis,

Aerodynamics, and Environmental and Power Analysis.

PROPULSION SYSTEMS ANALYSIS

Basic Ob)ective s

The basic objectives for this group are as follows:

I. To provide technical direction and analytical support to the Apollo

propulsion effort in the areas of propellant systems, rocket

engines, and rocket plume evaluation

2. To analyze the requirements and performance of Apollo propulsion

systems and components as to their effectiveness in carrying out
the missions from the propulsion viewpoint (inputs received from

design and mission analysis groups)

3. To generate, after suitable analysis and component testing, detailed
reports on performance features for distribution to all S&ID, NASA,

and subcontractor personnel concerned

4. To conduct test programs for obtaining or verifying basic data

required for analysis and supplementing and verifying analytical
• results
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Organizational Relationships

This group will coordinate with design and analysis personnel to define

required areas of analysis or aid in the solution of other problems, and will

publish completed analysis for distribution to requesting groups and/or other

groups concerned so the necessary design or performance changes can be
made.

Within the Thermo and Fluid Dynamics Section_ this group will obtain

specific technical data from other groups, analyze various heat transfer and

aerothermodynamics problems associated with rocket systems, and coordinate
such areas as heating of associated structures and engine heating as a function

of boost or reentry conditions.

During the Development Test Program, the Propulsion System Analysis

group will coordinate with system test personnel and other groups to monitor
test results of qualified hardware received from various subcontractors and

will ensure satisfactory engine performance by analysis of test results. In

its relationship with subcontractors, this group will maintain a close relation-

ship with engine contractors during the various phases of the development

program. This group will also evaluate test performance and engine design

for compatibility with over-all design requirements and identify possibleproblem areas using subcontractor information.

This group will coordinate with NASA where analyses indicate a change

in design or performance requirements is necessary and will schedule peri-

odic technical discussion on pertinent engine analyses.

Technical Activities '-_

Activities performed in the Propulsion Systems Analysis group are

organized into three units: propellant system analysis, engine analysis, and
plume analysis.

Propellant Systems Analysis

This unit will perform the following tasks:

I. Conduct propellant system analyses to verify comparability with

engine and mission requirements. Determine the operating

requirements for the propellant feed systems. Conduct analysis
of the effects of the thermal environment on operation of the pro-

pellant an¢i components. Conduct analysis of operation of the

propellant system at zero, Provide analysis to support prepa-

ration of procurement specificationk and to support the design
of GSE. _

i
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2. Evaluate the effect of propulslon system changes and mission

changes on control system performance or requirements. Develop

digital or electrical analog for transient analysis of the control

system. Provide analysis to support control system procurement

specifications.

3. Conduct studies and analyses to determine system variations

required to ir_prove system operation, improve reliability,

reduce weight, reduce cost, or to enhance mission capability.
Determine changes required for system optimization.

4. Develop test programs to obtain basic data, such as propellant

properties, that can beused to improve analysis of system and

component design and performance. Conduct tests of models to
obtain early verification of analytical methods. Participate in
SaID and subcontractor breadboard and prototype test of systems

and components. Develop test programs to obtain maximum
benefits from boilerplate and spacecraft testing.

Engine Analysis

This unit will perform the following tasks :

I. Conduct performance analyses of main s_rvice module engine and

support formulation of specification requirements. Verify engine
manufacturers predicted performancej and determine_effects of :
variables such as mixture ratio, operating time, and propeUant _

inlet pressure.

2. Conduct analyses of installation and environment effects on engine

performance and engine heating. Conduct failure analyses of

engine system and components to verify satisfactory operation.

3. Evaluate engine materials of construction (ablati'_s, coatings,
etc. ) from the standpoint of engine operation and environment
effects.

4. Provide support to monlto_/'engine suppliers' program. Conduct :_ji
analyses of engine compor_ent and system performance, as needed, j

• ! ,

Assist engine supplier In test operations and evaluate results.
Coordinate enginelmotoz: performance and requirements with

NASA and SaID groups.

5. Develop necessary test programs to _tain basic engine per-
formance data and to verify or improve analyses of system and

component design and performance.
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6. Conduct analyses to determine system variations as a function of

engine design and performance to improve syster_ operation, to

improve reliability, to reduce weight, to reduce cost and to

enhance system compatability. Determine optimum propulsion

system configurations.

7. Participate in StaID and subcontractor breadboard and prototype

tests of systems and components. Evaluate development, ground

test, and flight test engine data and compare the results with

predicted performance.

8. Perform analyses of all solid propellant rocketmotors (launch

escape motors tower jettison motors pitch control motors and

posigrade motor) to insure compatability with system requirements.
Analyse motor performance under various environmental con-

ditions, and stud_ its effect on performance, safety _and reliability.

9. Perform analyses of heating effects on adjacent structures
resulting from rocket engine operation. Coordinate results of

analyses with other groups.

I0. Provide analytical support for engine/motor problems associated

with guidance and navigation (engine pulsing operation) and stage
separation.

Plume Analysis Tasks

This unit win perform th_ _ollowing activities:

I. Characterize rocket nozzle exhaust plumes for altitude and space
conditions.

2. Conduct internal aerodynamics and thermodynamics analyses of

nozzle flows to determine thrust losses and boundary value data
for plume analyses.

3. Conduct experimental and analytical studies of nozzle flow inter-

face effects such as separating space craft from booster with

fire-in-the-hole and posigrade systems.

4. Characterize electrical and radiation prope_'ties of exhaust plumes
to determine effects on communications, tracking and thermal
loads on the system.

5. Investigate shock structures and boundary layers resulting from
plume impingement on spacecraft surfaces.

./
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6. Investigate analytically the effects of plume after burning for
altitude condition_.

7. Coordinate results of the above analyses with Thermal Analysis,

Aerodynamics, Structural Design, Systems Integration, and

Propulsion Analysis personnel to ensure proper input data is used

for heating analysis, component location, plume effects on engine

or propellant feed performance, and problems associated with

communications and tracking.

8. Determine the ballistics of uncombusted carbon particles to

determine possible impingement effects on radiators and antenna.

9. Translate results of the foregoing analyses to computer programs

to perform parametric studies as required. !:'

Test Programs

This unit will conduct x,:ter table simulation stage separation tests for

preliminary evaluation of stage separation techniques to assure that im-

pinging surfaces of the service propulsion engine exhaust are designed and
constructed so that a smooth separation can reliably be executed between

Apollo and the S-IV stage.

A wind tunnel scale model stage separation test program will be con-
-%

ducted to aid in selection of import.ant criteria to successfully accomplish

stage separation of Apollo from S-IV. Objectives of the program !,
are to obtain proper shape and location of blowout panels for, exhausting

service module main engine combustion gases.

A rocket engine exhaust plume effects test program will be conducted

to determine the effects of the reaction control engine exhaust plume on the

flight stability and skin design integrity of the Apollo _ervice module. This

will be accomplished by determining the pressure and temperature pattern

on the surface due t_ the impingement of the plume under space simulated
conditions.

Tests of the propellant tank heat exhangers will be conducted to evalu-

ate the possible methods of adding heat to the propellants. An effort will be

made to prevent the pressurizing helium gas from becoming progressively
colder because of tank environment.

Investigation and tests will be conducted on the specific propellant used

@i" in the service to determine its behavior when exposed topropulsion system

conditions of zero or low gravity. The ability to analyze and specify the

internal design of the propellant tanks will be enhanced to such a degree that

the utilization of the propellants will fulfill the predicted requirements.
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10
Tests will be nducted to determine the degree of compatability of all

materials used in the tubrication of the rocket engines that will be installed

on the Apollo modules. The materials will be exposed to high vacuum, high
temperature, thermo shock, propellants_ and combustion of propellants of

the same parameters to which they wiU be exposed during the lunar excursion
mission.

The following limited scope tests will be conducted to obtain preliminary

data that will assist in determining parameters and defining direction of
efforts when executing the preceding large scope tests. The effect of intro-

ducing propellants into an evacuated line at temperatures representative of

the command module reaction control system environment at reentry will be
determined. Service propulsion system ullage blowdown tests will be

conducted to determine the temperature and pressure time history of the

ullage gas in a N204 tank during ullage blowdown. The expansion process in

the pressure regulator will be investigated to determine the magnitude of
isenthalpic temperature rise in helium as it passes through a pressure

regulator. Changes in electrical properties due to vacuum mixtures, water

content, impurities, dissolved heliums and density will be determined over a

controlled temperature and pressure range. The contact angle of A-S0, N204,
and NMH propellant when contained within a cylindrical vessel will be
dete rmined.

THERMAL ANALYSIS

Basic Ob)ectives

The basic objectives of the Thermal Analysis group are as follows:

1. To predict heating rates to the vehicle components resulting from
the boost, abort, spaces and atmospheric entry mission phases of
th_ system

2. To determine the optimum thermal protection for the vehicle com-

pone:nts required for each phase of the mission

3. Topredict steady-state and transient structural heat transfers and

temperatures resulting from the heating rates experienced during
each phase of the mission including the effects of the thermal pro-
tection system and the thermal characteristics of the structure
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Orsanizational Relationships

This group will coordinate with other Design, Structures, Aerodynamics,

Trajectory Analysis groups to obtain proper vehicle configu_-ations for analy-

sis; provide predictions of the temperature-time historibs for the various

vehicle configurations to design groups concerned; and coordinate with the

model shop for the construction of wind tunnel models.

Within the Thermo and Fluid Dynamics Section, this group will supply

heating rates and temperature histories to other groups as required, coordi-

nate with the propulsion group to obtain exhaust flow field data for the launch

escape system rocket and reaction control system rockets, coordinate with

Aerodynamics to help establish the aerothermodynamic wind tunnel test

program, and coordinate with the model design group throughout the design
of the models to be tested.

Ddring the development test program, the Thermal Analysis group will

specify instrumentation and test methods for the flighttest plan in conjunction

with the testing group to accomplish the objectives of the tests applicable to

aerothermodynamics and heat t.r_nsferanalysis. The group will also coordi-

nate with wind tunnel test persor_. _ during aerothermodyr_mic tests and

provide analytical support for proof and developmental testing as related to
heat transfer.

The responsibilities'of this group in subcontractor relations will be to

supply estimates of non-blowing aerodynamic heating rates to the heat shield
subcontractor and to coordinate and monitor the effort of the heat shield

subcontractor to ensure compatibility with ore'r-all design and performance
requirements.

This group will coordinate analyses with NASA personnel conducting

. similar research, conduct periodic reviews with NASA personnel concerning

analyses results, and coordinate with NASA recommended basic design or
flight requirement changes.

Technical Activities

Activities performed in the Thermal Analysis group are organized into

three units: aerothermodynamics, atmospheric heat transfer, and space heat
transfer.
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Aerothe rmodynamic s

The activities of this unit include the following tasks:

1. Predict heat transfer rates encountered in all flight modes due to

aerodynamic heating and the combined effect of rocket engine

exlmust impingement.

2. Develop and refine analytical methods of predicting heat transfer

based on existing theories and correlation of data obtained in an

extensive experimental program,

3. Establish the performance limits of the complete Apollo system in

terms of launch time tolerances and lunar return tolerances by

studying the effect of various entry trajectories on heat shield

weight.

4. Conduct an extensive wind tunnel program encompassing tests of

models of the Apollo components under conditions simulating

heating encountered during launchj entry, and abort, and investi-

gate the effects of jet impingement on vehicle components. Specify
wind tunnel model design requirements, instrumentation, and

test plans.

5. Analyze test data obtained to correlate model data with actual

flight conditions to develop analytical methods that will satis-
factorily predict actual aerodynamic heating rates.

6. Specify the test instrumentation methods to accomplish the

objectives of the tests applicable to aerothermodynamic design
problems for the flight test plan to establish the reliability and

.,_ performance of the Apollo system.

7. Conduct a literature survey relative to state-of-the-art techniques
for evaluating invisoid flow field and non-blowing aerodynamic

heating rates for Apollo vehicle during all flight phases.

8. Analyze the environmental and geometrical phenomena that _nfluence

aerodynamic heating (convective and radiative) to the Apollo reentry
configuration (e.g., ionization, nonequilibrium flow, boundary layer

transistion criteria in the presence of an ablating surface, cross-

flow, and separated flow).

9, Compile a set of theories for predicting non-blowing aerodynamic

heating rates to the Apollo vehicle for aIIlflightconditions based on
the results of tasks 7 and 8.

S
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lO. Compile and maintain through coordination wi_h the digital programs

group automatic computing programs to permit mass production of
aerodynamic heating estimates,

1 l. Supply estimates of non-blowing aerodynamic heating rates to all

organizations concerned including the heat shield subcontractor.

IZ. Analyze and supply estimates of heat transfer rates to surfaces

exposed to rocket exhaust environment.

13. Establish the detailed specifications for a wind-tunnel program

that will be used to evaluate the proposed aerodynamic heating

theories. Determine important flow parameters and range of

those which must be simulated in tests. Evaluate. through direct

contact, reports, and experience, the capability of existing

facilltlesto perform the desired tests. Propose a test program

including selection of facilities, schedule, number, and types of

models, and location of end-point instrumentation for models.

14. Monitor and direct each aerodynamic heating test by providing an

engineer at the test facility.

15. Plot, evaluatep and compare test data with theory.

16. Realign, adjust, and correct theories with experimental data if
such data are construed to be reliable.

Atmospheric Heat Transfer

This unit will perform the following tasks:

I. Provide predicted temperature-time histories for all structures

and components during atmospheric flight mission phases. Provide

prediction of the temperature-time histories for all structures and
components on the command module. This effort includes de-

termining the inter-dependency of the temperature of each of the _
components on all the other components in the equipment bays.

Provide predictions of the temperature-time histories for all

structures and components on the service module. This provides

temperature-time predictions for all structures on the launch

escape system. Because this system does not continue the mission

beyond the boost phase, only the boost trajectory plus possible

abort trajectories are considered.

10
2. Predict the thermal protection requirements for each modular

system during all mission phases.

- -
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3. Evaluate the atmospheric heating protection requirements for each

of the modules including the effect of heating due to exhaust gas

impingement. "'

4. Evaluate the changes of aerodynamic shape and center-of-gravity

location that occur during the entry due to the ablation of the hc_t
shield.

{

5. Design the protective shield for the antenna regions on the comm.,,_Id

module. This portion of the heat shield is not considered to be part
of the subcontract for the ablative heat shield.

6. Determine the thermal insulation.requirements for each of the
modules to protect the vehicle during atmospheric heating.

7. Determine the ablation characteristics of these materials proposed

for use as the reentry heat shield. Include the thermal properties ,
of the materials concerned.

8. Determine the thermal properties of super insulations, honcycomb

panelsp and temperature control coatlngs.

9. Help establish flight test requirements and evaluate applicable

flight test data as it is made available.

Space Heat Transfer

The tasks to be performed by this unit are as follows:

I. Provide temperature predictions for spacecraft structures and

components for all space mission phases including earth orbit,
translunarp lunar orbit_ and transearth.

Z. Determine the insulation and/or heater requirements for all

spacecraft structure and components.

3. Request and coordinate material properties testing of all insulation

material under consideration for use in the spacecraft.

4. Apply results of materials prop_-rty testing to spacecraft thermal

protection design.

5. Help determine thermal space flight test criteria to support the

design and an_lysis of the command module and service module,
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6. Evaluate results of space flight tests where they concern thermal

design.

7. Predict temperature histories and gradients of the heat shield

ablative layer and substructure for all space mission phases.

8. Perform analytical studies to determine temperature histories and

thermal protection requirements for all boilerplate vehicles durlng
earth orbit.

9. Provide analytical support for the development of computer

programs required for heat transfer analysis.

AERODYNAMICS

Basic Objectives

The basic objectives for the Aerodynamics group are as follows:

IO I. To assure the aerodynamic soundness of the design2. To determine and publish the aerodynamic characteristics and the

aerothermodynamic environment of various configurations

3. To manage the Apollo wind tunnel program and determine aero-

dynamic forces and environment on the various configurations,
aerodynamic heating data, and aeroelastic data

Organizational Relationships

This group will determine preliminary guide lin_s and configuration
requirements for s_.ructural design, design and construct wind tunnel models,

and plan and conduct the associated tests based on requirem,_r._s received
from other sections.

The Aerodynamics group will issue the following data to other design
sections:

Air pressure and loads for structural design

Lift-and-drag characteristics for performance and trajectories

\

Stability and control characteristics for night dynamics

Flow field descriptions for radio attenuation studies
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®
Flight environment for structural design and performance analysis

Results of wind tunnel tests

Within the Thermo and Fluid Dynamics Sectiorl,the Aerodynamics

group will determine and"issue flow field descriptions of aerothermodynamlc

analysis studies, design and test models for required analysis of other groups

within the sections, and issue test reports.

During the development test program, this group will establish

requirements for the wind tunnel program, prepare summary analyses of

wind tunnel test results, establish aerodynamic requirements for boilerplate

and unmanned prototype flight programs, evaluate ilight plans, analyze
results of flight programj and investigate discrepancies that become apparent

between flight results and wind tunnel tests.

For manned operations, this group will maintain continued surveillance

of configuration changes0 determine aerodynamic characteristics of

emergency configurations, and evaluate flight plans and analyze results.

In relationship with NASAp the Aerodynamics group will obtain approval _

for wind tunnel test objectives and test scheduling0 maintain cognizance of

NASA research programs as applicable to Apollo, and maintain technical

liaison for concurrence with design and analysis results.

Technical Activities

Activities performed in the Aerodynamics group are organized into

aerodynamics analysis and wind tunnel model testing and design.

Ae rodyna_mic s Analysis

This unit will be responsible for entry Aerodynamics (the general entry
configuration is established at contract go-ahead) as follows:

I. Initially determine design criteria and identify critical problem

areas. Estimate command module aerodynamic forces and

dampin_ derivatives using Newtonian flow theory programmed

for digital computer calculations, Supplement these estimates by
analysis of preliminary NASA test data released in Apollo working

papers. Assemble the results in the Preliminary Aero Data and

Loads Report and provide the basis for initial trajectory and flight
dynamics studies.

• - 190-
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2. Obtain the aerodynamic characteristics of the specific command
module configuration evolving from structural design studies.
Determine wind tunnel test requirements and conduct tests. (To

permit early testing, small simple models are used.) Use the

parametric data obtained in studies to determine the effects on
command module aerodynamics of variations in heat shield radius,

corner radius, and afterbody angle. Establish c_nter-of-gravity
tolerances.

3. Determine the effects on stability of asymmetric ablation of the

heat shield. Use wind tunnel data in conjunction with Newtonian

predictions of the perturbations in forces due to local geometry

changes. Determine from the analysis of wind tunnel results the

effects on stability of the reaction jets interacting with the free-
stream flow. Establish digital programs to aid in the calculation
of the nozzle flow field and its interaction with the adjacent

structure.

4. Predict preliminary aerodynamic damping characteristics of the

entry body using Newtonian estimates of the forces on the command
module. Prepare analog studies to establish the relative

importance of the damping terms to control system design. Conduct

wind tunnel programs _tsing the forced oscillation and decaying

oscil1_,tion techniques. (The forced oscill_tion tests give a measure
of the longitudinal damping parameter, whereas the decaying

oscillation tests provide a measure of the overall stability (both

static and dynamic) during an oscillatory motion.). Anaty_e the

results to provide an evaluation of _amping derivatix, es as affected

by Much number, dynamic pressure, and center-of-gravity
location.

5. Estimate preliminary command module toads using Newtonian flow.
Determine finai loads through wind tunnel tests that provide

measured pressure distributions. Develop a digital program to

compute loadings by integration of local pressure distributions.

6. Develop methods for approximate and refined analyses of the flow
fields about the Apollo vehicle. (Primary emphasis is on

hypersonic blunt body fields.) Develop digital programs to compute

real gas equilibrium and nonequilibrium flow and extend them to

include angle-of-attack effects. Define local surface conditions

for design purposes and the aerothermodynamic properties of the
flow field for use in radio attenuation studies using the results of
these studies.

7. Evaluate actual orbital entry aerodynamics from results obtained

in the flight test program.
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This unit will perform the following activities in regard to the launch

escape system:

1. Initially determine configuration arrangements that provide the
required stability characteristics. (These characteristics can

be significantly affected by operation of the escape motor.) Base

early design on analysis of wind tunnel results (jets off) combined

with analytical estimates of the interactions between the jet plumes

and free-stream flow fields. Formulate an experimental program

and evaluate methods of simulating the jet •effects in wind tunnel

tests. (These methods include solid plumes, cold jets, and rocket

operation.) Evaluate the system from analysis of the pad abort and

high-altitude aborts conducted in the flight test program.

Z. Obtain dynamic stability characteristics from analysis of wind

tunnel data. Determine damping derivatives from analysis of

forced-oscillation tests conducted at the Langley Research Center.
_; Determine effects of Mach number, Reynolds number, center-of-

gravity location, and angle of attack.

3. Determine launch escape system loads from wind tunnel data.

Obtain preliminary results in early tests with small-scale models. "

Obtain more extensive data with large-scale models in the NASA

unitary tunnels. Obtain measurements of steady and unsteady

, pressure distributions including the effects of simulated escape
motor operation.

This unit will perform the following recovery system aerodynamics
activitie s:

1. Develop the entry configuration to meet requirements for parach_:te
deployment. Give support to design and development of the

recovery system including the aerodynamic design of the pressure
sensore for drogue deployment.

Z. Determine the aerodynam(c characteristic of the command module

at subsonic Mach numbers, ,with the parachute cover heat shield

removed, from analysis of wind tunnel data.

The following launch vehicle aerodynamics activities will be performed
by this unit:

1. Determine the aerodynamic characteristics of the various booster

vehicles by theoretical estimates and throug_ wind tunnel data.
Conduct tests of the C-I and C-5 configurations to establish
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D
total booster aerodynamics and the characteristics of the

booster alone after separation of Apollo. Use these data in

performance studies and in studies of miss distance during
abort from boost.

2. Conduct studies to determine the air Ioadings due to buffet effects

during boost. Assemble data from other programs and from NASA
studies at the Langley and Ames research centers. Make wind

tunnel measurements of buffet pressures and aerodynamic noise on

the launch vehicle with emphasis on the command module, service

• module, and adapter. Analyze the res_dts to provide design cri-
teria for buffet loads. Analyze flight test measurements to provide

in-flight evaluation of buffet effects.

Wind Tunnel Model Design and Testing

The proposed testing schedule shown in Figure 46 will be revised as

the program progresses and needs for specific data change. A current
schedule is found in the Wind Tunnel Program Reportt SID 62-170.

The wind tunnel test objectives of this unit are to provide the following:

I. Static and dynamic stability of the launch escape system and the
command module throughout entry and recovery including effects

of heat shield symmetric ablation

Z. Escape rocket motor jet effects on stability of the launch escape

system

3. Stability of the escape tower and the command module as a function

of separation distance

4. Static stability of the space vehicle configuration including booster

alone and separation simulation

5. Reaction jet effects on stability of the entry configuration

6. Steady-state pressure distributions on launch escape and entry

configuration

7. Transient pressures due to aerodynamic noise and buffet of the

launch escape system, launch vehicle configuration, and the
command module alone including data recorded during simulated

IO escape motor operation
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le 8. Buffet loads effect on the bending mode shapes of the space vehicle
structure

9. Aerodynamic heat transfer distributions on the launch vehicle,

launch escape system, and entry configuration

10. Heating of service module by attitude control rocket exhaust

0

1 I. Service module base beating

Spacecraft design and evaluation wind tunnel tests will be conducted by

this unit to attain the followlng objectives:

I. Obtain static stability and control data in wind tunnel tests conducted

over a Much number ranges from 0.Z to 20. Obtain data at higher

velocities in ballistic ranges and free-flight facilities. (Actual

/light Reynolds numbers will be duplicated for most _ests of the
command module during entry.)

2. Obtain escape rocket motor jet effects on the stability of the launch

escape system by testing a model with a hydrogen peroxide mono-

propellant rocket to simulate jet effects.

3. Evaluate dynamic stability in transonic and supersonic wind tunnels

by means of a dynamic balance. Use free damped oscillation

techniques to determine damping derivatives.

4. Obtain structural design information from model static pressure
measurements in the 0.7 to 10 Mach number range. Obtain

transient pressures due to aerodynamic noise and buffet on a

large-scale model in the subsonic, transonic, and supersonic

regimes up to /VLach number 3.5o

5. Determine aerodynamic heating rates from rate change measure-

ments of surface temperature by using thin film or variable J.
reluctance heat transfer gages, or by measuring the output of

thermocouples mounted on the inner surface of a thin-walled model. /

Obtain data in impulse, continuous flow, and free-flight wind

tunnels. Make heating measurements in free-flight wind tunnels

by either picking up the output of a single thermocouple inductively

or by using a miniature FM telemeter transmitter.

... 194-
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Wind tunnel launch vehicle interface studies will be conducted by this

unit to accomplish the following:

I. Investigate the static stability and control effectiveness at the

lower ranges of velocity and altitude encountered by the launch

vehicle by means of well-established wind tunnel techniques.
Obtain steady-state and transient pressure distributions for loads
calculations over a Mach number range from subsonic to 3.5.

Determine aerodynamic heating rates for a Mach number range.

from l.S to I0.

Wind tunnel aeroelasticity tests will be conducted in the form of

transonic tests of a structurally simulated 0.08-scale model to determine

the effect of buffet loads on the bending r_ode shape of the structure.

Jet reaction studies will be made to investigate the effectiveness of _

the reaction jet controls of the entry configuration in the Mach number range
from 8 to I0. Exhaust gas under high-pressure from model posts will be

used to simulate the reaction jets.

Service module base heating studies will be made to obtain rocketheating data associated with the service module attitude control and

propulsion systems by the use of scaled motors in rocket test facilities.

Wind Tunnel Test Facil_tles

A list of the test facilities which it is planned to use is given in

Table i. These facilities cover the full range of flight conditions

encountered from launch to entry and recovery. They fall into four general

cate got ie s:

I. Continuous tunnels covering a range of Mach numbers from
subsonic to 14

Z. Blowdown tunnels at subsonic, transonic, and supersonic Mach
numbers

3. Impulse tunnels either arc driven (hotshot) or shock tube driven

(shock tunnel) that provide Mach numbers above 15

4. Ballistic ranges by which superorbital velocities can be reached
and tests free of sting interference can be performed at lower

speeds for comparison purposes

SID 6Z-ZZ3
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I_ Reports and Manuals

The following reports and manuals will be published by the

Aerodynamics group:

I. Aerodynamic Data Manual (First Issue 1 April 196Z).
Basic force and moment data are presented for all Apollo vehicles.

This report is the official source document for all design and

performance studies and is revised as more data become available.

Z, Aerodynamic Loads Manual (First Issue I April 196Z).
Loads trajectories are presented for boost, abort, and entry.

Total and component pressure, force, and moment distributions

are presented for all Apollo vehicles. This report serves as the
official source document for all air loads design data and is

revised as more data become available.

3. Aerodynamic Dimensional Data Manual (First Issue 1 July 196Z).

Aerodynamic configuration arrangements, surface contour
tolerances, alignrnenttolerances, center*of-gravity requirements,

and weight and balance summaries are presented for all Apollo
vehicles. This report is continually revised to reflect the most

[0 current configurations.

4. Command Module Aerodynamic Summary Report (First Issue

I July 1963).

Static and dynamic stability characteristics of the operational
command module are presented for flight from entry through

recovery. The first issue of this report is based on analyses of
wind tunnel data. Subsequent issues incorporate flight test

p_.ogram results.

5. Launch Escape System Aerodynamics Summary Report (Issued

1 Ji_nuary 1964),

A description and evaluation of the static and dynamic character- :.__
istics O_ the launch escape system are presented, Conditions i:_

from rocket ignition to tower jettison are covered.

6. Aerodyr_mics of Apollo Launch Vehicles (First Issue
1 March !963). / =

This report c6ntains a documentation and analysis of the aero-

dynamic characteristics of Apollo launch vehicles for performance

and trajectory studies. _esults of wind tunnel tests simulating
conditions before and after separation of the Apollo vehicle are

included. The report is revised as required.

- 196 - "
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7. Flight Test Program Report (First Issue I January 1963).

Objectives and instrumentation requirements are presented for

aerodynamic evaluation of the spacecraft during the flight test

program.

8. Flight Test Summary Analysis Report (First Issue 1 October 1964}.
An evaluation and summary of aerodynamic characteristics of the

Apollo vehicle are presented as determined in flight test.

9. Apollo Wind Tunnel Program Report (First Issue 30 January 196Z).
Test objectives, test facilities,, models required, and tunnel test

hours for the Apollo program are discussed in this report. Also

included are the proposed schedule of wind tunnel tests, tests

completed, reports published, and the relationship of the test

program to the design phases of the vehicle development. This

report is updated and issued quarterly beginning 1 April 196Z.

I
I0. Pretest Reports.

Test objectives, configurations to be tested, test conditions, and
the run schedule are presented in these reports. Instrumentation

requirements and data reduction and presentation are also
included. A pretest report is published approximately four weeks

prior to the test depending upon the requirements of the particular

facility.

11. Data Reports.
The wind tunnel test results are presented in tabular and plotted

format in the data report. Model and Schlleren photographs and
dimensional data are also included. These reports are issued

30 days after the completion of each test.

IZ. Apollo Wind Tunnel Summary Report (First Issue 1 October 1964).

Upon completion of the Apollo wind tunnei program, a report is ._

published that summarizes the tests by test hours, facilities, and
models. A summary of all pertinent reports is included.

ENVIRONMENTAL AND POWER SYSTEMS ANALYSES

Basic Objectives

The basic objectives of this group are as follows:

I. To establish system performance criteria and provide both
technical direction and analytical support to environmental control,

electrical power, and nuclear radiation protection systems for

Apollo

- 197 -
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2. To conduct tests to verify or to obtain basic data used in analysis

3. To acquire system component test data from both ground and flight

• testing and to reduce, analyze, interpret, and formulate this test
data into detailed reports of systems performance features

Organizational Relationships., :"

This group will maintain continuous coordination with the Environmental
Control and Electrical Power Systems groups to define areas where analysis

and/or'technical direction is required and will publish completed analyses

and distribute to the associated or affected design group, as well as other

groups that may be concerned. In this manner, results of analyses are
incorporated into current systems or component designs.

Within the Thermo and Fluid Dynamics Section, this group will

maintain a constant interchange of technical data between the other groups
within the section. This will obtain, for example, such ivformation as heat

transfer through the vehicle wall, internal wall temperature distribution,

and environmental temperatures for various system components from the

Heat Transfer group for incorporation in system analyses.

During the development test program, the Environme_ttal and Power

Systems Analysis group will maintain a continuous coordination with systems

test personnel during the combined systems testing phase for ground testing
and flight testing (including boi]erplates and system analysis .ehicles). Test

data required to establish system performance verification will be acquired.

This group will maintain a close relationship with associated

s

problem solutions.

This group will maintain close coordination with NASA during all
analyses that affect system concepts or performance as they are presently

incorporated into current design requirements. NASA will be presented

with the results of pertinent analytical investigations at regularly scheduled

meetings.

Technical Activities

Activities performed in the Environmental and Power Systems Analysis

group are organi_ed into three units.- power systems analysis, nuclear

radiation protection systems, and environmental control systems analysis.

,. -  198-
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Power Systems Analysis

This unit wilt perform the following tasks:

1. By analysis, establish, verify, and determine the optimum design
criteria for the environmental control system and electrical power

system space radiators and for fuel celt and cryogenic storage

subsystems.

2. Analyze the power system performance and establish and define
system operating parameters. Conduct system heat balance analyses
and develop a computer program to describe the steady-state and
transient performance characteristics of the system. Verify and
determine optimum design configurations and evaluate their effects

on system performance and interfaces with other vehicle systems.

3. Aid in the planning and monitoring of all system component tests.
Analyze, interpret, and evaluate the results and make suitable
recommendations. Coordinate the tests with all groups and
subcontractors involved.

p 4. Aid in defining and establishing the testing plans and procedures for
all power system and subsystem monitor tests. Analyze and
evaluate results and make recommendations as required. Cooperate

in the development of the over-all system qualification test and the

interpretation of its results.

5. Analyze the fuel ¢eI! subsystem and evaluate all test data. Evaluate

preprototype, breadboard, units to determine temperatures,

required heat rejection rates, operating pressures, and pressure

drops. Formulate and operate con-,puter programs to describe the :: _

subsystem operation.

6. Analyze the cryogenic storage subsystem. Determine performance
requirements and operating characteristics and design and checkout

computer programs to describe system operations. Provide
criteria to aid in defining optimum design configurations. Determine

the weight and volume necessary to support the mission with the

required system reliability, heat required to maintain proper

pressure and flow rates, and variations in system temperatures.

7. Establish thermodynamic and fluid dynamic design requirements for

electrical power systems and environmental controi system space

@ radiators. Decermine operating parameters for temperature, heat

rejection rate, flow rate, system pressure, pressure drop, etc. ':_,

- 199 -
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D Develop transfer functions to describe steady-state and transient
performance. Employ computer programs to determine optimum

configuratlons'and performance characteristics.

8. Plan, monitor, and evaluate tests to determine realistic

temperature control coating properties for use on radiator heat

rejection surfaces. Conduct a survey of literature and industry to
_ select candidate coatings. Arrange for actual and simulated space

environment tests and coordinate test requirements with NASA to

facilitate the acquisition of test space on vehicles for some of these

tests. Collect, reduce, and evaluate test data. Analyze effects of

space environment on the candidate coatings and select coating.
Generate special handling requirements and coordinate these with

manufacturing, system integration, and logistic groups.

Nuclear Radiation Protection Systems

This unit will perform the following tasks:

1. Investigate solar cosmic ray events to determine the magnitude,

physical phenomena, spectral distribution, frequency of occurrence,

and probability of encounter. Determine radiation sources for all
mission modes and i'light trajectories. •

Z. Conduct shielding investigations and develop an IBM computer

program to determine the inherent shielding of vehicle and radiation
dose received by men and equipment associated with the radiation
sources encountered on all missions. Establish, where required,

the additional shielding system concepts and configurations to reduce

radiation dose to allowable limits for crew and equipment. Maintain

and update computer programs.

3. Investigate various methods of radiation detection to determine

optimum sensor configuration from the standpoint of type of
radiation, range, accuracy, weight, volume, and compatibility with
both radiation protection system and other vehicle systems.

Establish the nuclear radiation instrumentation sensor requirements

£or all mission trajectories for both exterior and interior
environments •

• ,.

4. Com'bih_ the concepts, operating limitations, and design data

generated by these activities with the over-all vehicle operatioras to
establ_'shthe optimum nuclear radiation protection.

. 7.00 -
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I Q Environmental Control Systems Analysis

This unit wilt perform the following tasks:

I. Analyze the crew requirements to establish the performance

parameters for the pressure suit circuit subsystem components for
ail mission modes. Establish and maintain a computer program to

assist in the analysis.

2. Analyze the coolant loop to establish the performance parameters

for the subsystem components for all mission modes. Establish

and maintain computer programs to assist in the analysis.

3. Analyze the crew compartment requirements to maintain a shirt-

sleeve atmosphere regarding temperature, pressure, and com-

position control. Consider all mission modes for both normal and

emergency operation.

d. Integrate the suit circuit, coolant loop, and compartment subsystem
analysis to determine performance of the complete environmental

' control system for all mission modes including transient conditions

as well as varying electronic cooling loads. Establish a computer

program for the integrated system.

5.' Establish and monitor subcontractor and in-house efforts in the
evaluation and test of materials for possible atmospheric contami-

nation properties. Coordinate this effort with Bio-engineering for
toxic eHects and allowable concentrations.

6. Conduct analysis on food storage and waste management systems to
determine line size and component performance and to establish

compatibility with the environmental control system for all modes

_ of operation.

7. Conduct analyses to determine on-board water requirements for :

various mission phases and times. Establish line sizes and tankage

iL requirements. Ensure compatibility with the ESP fuel cell water

production system and rates.

<, 8. Monitor component and system testing at the subEontractor for

compliance with component performance. Assist and monitor

qualification, R &D, and reliability testing for performance
verification and establish performance criteria.

O
q
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9. Establish performance criteria and environmental test conditions

for integrated systems breadboard and house spacecraft tests.
Assist in establishing instrumentation requirements (type and

location) for performance reports. Integrate the test data into

computer programs established for system analysis and system
optimization studies. 8

I0. Conduct trade-off studies to determine optimum component

arrangements and usage. Conduct studies to determine optimum

use of on-board water qtmntities, beat sources, and heat sinks.

Conduct trade-oH studies to establish configuration and concept

for changes in mission requirements and program scope.

II. Conduct environmental control system analysis to support ground

support equipment groups. Provide GSE/spacecraft interface

requirements for both normal and test operations.

IZ. Perfor m analytical studies required to determine the environmental

control system.concept and performance requirements for each
boilerplate test vehicle consistent with mission profile and

operational ground rules.

13. Establish environmental control system component and system

requirements and assist the design group with component pro-

curement for the boilerplate test program.

14. Reduce and analyze data from boilerplate tests and incbrporate

this into spacecraft environmental control system performance

where applicable. Support the test program as required.

15. Conduct a preliminary analysis of cold plate design parameters

to define limits for more refined parametric analysis.

16. Perform analysis, on a single-plate basis, to establish
interrelationships of package dissipation, environmental heat

loads, temperature limits of coolant and components, coolant

flow patterns, heat transfer coefficients, pressure drop, and

contact resistance. Establish a computer program for these

analyses.

17. Investigate materiails and techniques of contact resistance control.

18. Specify and coordinate laboratory tests of single plates to confirm

analytical assumptions and results and replace certain long,

. tedious analytical methods.
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m
19. Include the consideration of subsequent building-block assembly of

•individual plates into the modular system and requirements of

miscellaneous equipment to establish parameters such as cooling
capacity, temperature profiles, and interchassis effects.

Determine the effects of structural attachments and evaluate

effects of environmental loads. Expand the initialcomputer

program to supplement these objectives.

20. Specify tests on a system basis and evaluate test results to provide
back-up to the single cold plate tests.

21. Determine equipment that may be temperature controlled by
passive means and the optimum method for such control.

!. SID 6Z-_23
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SIMULATION--TRAINING EQUIPMENT

SIMULATION AND EVALUATION

The Apollo engineering simulation prog|-am is oriented specifically to
evaluate designs by means of closed-loop, dynamic, and simulated flight

operations.

In order to meet this objectives an expanding simulation facility is

necessary. The initial facility, which performs analytical design studiesto
minfmize the use of a man in the loop, will grow in complexity to a complete

man-machine simulation facility. In the latter simulation facility, the crew

will be placed within an environment duplicating the actual flight environment

in order that engineering design may be evaluated.

Initially, a11 subsystems will be simulated by means of analog and

digital computers. As the program continues, individual items of hardware

will be substituted until important subsystems are in actual use. The build-up

in systems complexity also will be paralleled by the build-up in the simulated
environment o£ the crew. Simulation of visual, aural_ and kinesthetic environ-

ments will proceed from the simple to the complete simulation of the actual

environment as required and practical. The command module used during

these studies will proceed from semi-hard engineering evaluators to com-

pletely hard engineering simulators that duplicate, in all interior respects,

latest configurations of the Apollo spacecraft.

The complexity of the simulated mission flights also will be built up

from simple studies to complete flight ph_tse sin_ulations. When the final

evaluation stage is approached, there will be two engineering simulator

complexes available that will proviSe the necessary environment with a

complete simulation. Actual systems willbe used inthe command module for

final engineering evaluations of thetotal man-machine system. As a con-

current operationp other simulators and eval_mtors will be used for the con-

tinuing and advanced system development that is nece ssa ry in any rnajor program.

The engineering simul_.tor complexes will be used for the usual

preflight and postflight system evaluation studies. In additiont they will

provide the experience necessary for designing, checking outs and evaluating

new or compensatory procedures az_d tactics to be followed during actual

flight if unusual or emergency conditions should develop.

The S&ID, engineering simulation program provides a naturr.: _oundation

for the training activity of General Order 71_.5. This technical combination,
/
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paralleling related engineering Simulation and crew-mission trainingactivities of NASA, will provide the balanced and adaptive concept necessary •

to accomplish this phase of the ApoLlo project.

Program Format

The simulation and trainers branch is divided into four sections: Flight

simulation-evaluation, spacecraft simulation, training equipment engineering,

and digital programs.

The en_.;ineering simulation program for Apollo will be a highly

organized and coordinated plan to ensure schedule compliance, economy,
and valid engineering inform:ition. The responsibility for this effort is that

of the flight simulatlon-evaluation and spacecraft simulation sections of the
simulation and trainers bran,:h. The bulk of this activity will be project-

oriented within Apollo technology but will utilize S&ID functional facilities.

S&ID function capabilities, and outside consultants in a supporting role.

The flight simulation and spacecraft simulation sections establish,

continuously update, and coordinate Apollo simulation program requirements
necessary to accomplish engineering evaluations and flight phase simulations,

support life systems eugineering evaluations, and to support each preflight
and postflight systems evaluation.

To implement this activity, SID 62- 1303, "Apollo Simulation Evaluation

Summary," was issued in November 196Z. This report presents the following:

The master sirnulation phasing plan (Figure 60). :_

Facility schedule summary

Definition and philosophy of each simulation study

Simulation equipment

Simulation facility descriptions

A second report, also published in November 1962, "Apollo Simulator

Program Plan," SID 6Z-787, presents the requirements, definitions, and

phasing schedules for hardware-oriented equipment.

This development plan summarizes portions of the two previous reports.
Simulation schedules from S1D 62-1303 are presented (Figure 58) for boost

and abort, entry and recovery t orbital and space mechanics, lunar develop-

ment operationsm special facility testsj systems tests, earth orbital boiler-

plate flight s m earth orbital prototype flight s, and lunar flight ope ration s.

- 206 -
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O Simulation evaluation milestones (Figure 58) include schedules for

various boiierplate and airframe launchings and simulator and evaluator

completion dates. Similar completion dates for the latter two are listed in
Figure 60.

Flight simulation coo:.-dinates computer schedules for Apollo simulation
evaluations and controls cost and obtains machine time. The section

assimilates simulation data for all phases of flight from cognizant branches

and establishes and maintains the Apollo simulation data manual. In

particular, flight simulation performs the following technical functions:

Integrates simulation equations of motion, control and guidance transfer
functions, and hardw_re; and establishes analog or analog-digital

combined operation techniques

Performs flight control and guidance and dynamic systems evaluations

to ensure simulation compatibility and validity

Conducts engineering and flight phase simulation evaluations and

assists project branches and computer personnel in sirrlulation
activities and evaluation of data

Establishes equation-.; of motion and other data, such as engineering

" flight placards and interpretation of mission flight plans specific to a

given preliminary crq_w engineering training objective or program

Supports crew°training activities as required

The spacecraft simulation section is responsible for all phases of

engineering simulation equ:_pment design and specifications and coordination

required to accomplish engineering studies and flight phase simulation to

support life systems engineering evaluations and preflight and postflight

systems evaluation. This effort includes computer equipment, engineering

evaluators, engineering simulators, visual environment simulators, models,
and star-field simulation. In addition, this section performs the following

functions:

Establishes and lays out design configurations

Prepares schematics, assembly and detail drawings, and necessary

harnes_ wiring diagrams

Establishes simulatL_n equipment, test requirements, equipment

specifications, and test procedures

- 207 -
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Is responsible for installation, modifications, maintenance, and

redesign of engineering evaluators, engineering simulators, peripheral
simulation equipment, visual display equipment, and simulation bread-

board and prototype equipment

Is responsible for operation, interrelated equipment tie-in, and data

evaluation support relating to engineering simulation equipment for all

engineering simulation activities

Functional support facilities and capabilities will provide the following:

Computer support, programming techniques, numerical analysis

techniques, and special computer applications to engineering simulation

problems as applied to combined analog-digital computer operations

Support to install, checkout, and modify equipment of engineering

evaluators and engineering simulators; support functional maintenance

of flight control system, displays, and visual environment simulators

Support analog and digital general-purpose computer as applied to

basic engineering studies and man-machine simulation studies

Consultant services win be used for the following:

To optimize, from a technical and economic standpoint, the preferred

analog-digital equipment necessary to accomplish the engineering

simulation program

To analyze and aid the initiation of combined analog-digital computer

techniques and the application of hybrid computer systems

Project Team Concept

A simulation-evaluation team concept has been established in order to

effectively integrate the technological skiJls associated with the" Apollo

engineering simulation program. As such, each simulation study of

Figure 58 is organized under a project study leader from the fllght

simulation-evaluation or spacecraft simulation sections.

The teams are composed of engineers from the following allied
technical areas:

Primary technical branches, commensurate with the objectives of the

study

Supporting technical branches ....

- 2It -
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I0 Functional computer center

Simulation

Under the direction of a team leader, all coordination, scheduling,

simulation, related evaluation, and general study integration pertaining to a

given simulation are carried out. In this way the main technical branch is
not burdened with details unrelated to the basis of the study.

This concept is suitable especially for study efforts carried out at
other facilities as well as _udies in which S&ID and a subcontractor have a

joint interest. This concept has been appTiedsuccessfully in conducting

Apollo simulation evaluations at the S&ID Columbus division. The project
leader and team concept also offer a concentrated single source of engineering

support for engineering evaluations and mission crew-training operations
established by NASA and participated in by S&ID.

Simulation Equipment

An engineering design-evaluation complex must include analog

computers, digital-computer conversion equipment, duplication or simulation

(at least partially) of the visual, aural, kinesthetic, and physical environ-
ment for the man and the equipment. Also included are command-module
evaluators and simulators, simulation master control stations, actual

hardware and simulated hardware, and buffer equipment. The basic plan of

action presently established and implemented is as follows:

Utilization of appropriate existing simulation facilities throughout the

country as required by the design program

Establishment of an interim simulation facility in early 19(33, to be

used for the initial engineering design activities

Establishment of a more refined simulation facility based upon exact

engineering technology requirements, experience obtained with the
interim facility, and the technical and cost optimization study effort

(it is expected that this facility will not require a major revision of

the interim facility)

All details of the simulation equipment plan of action are not complete.

However, a basic computer, evaluator, simulator, and system hardware

requirement-procurement program has been established.



D
Analog-Digital Computer Complex

w ,

The heart of the simulation will be the analog-digital computer complex
required to provide the following:

Simulation of vehicle motion and dynamics in all flight phases

Simulation of spaceborne equipment

Simulation of GSE

Moni.torlng of crew performance

°'Simulation of communications

Driving .signals for visual display equipment

Instrument display driving signals

Data reduction

IO The final computer complex must be designed carefully to provideintegration of all requirements efficiently and economically. To accomplish

this, the Apollo simulation sections have initiatedoa program for continuing

study of computer complex equipment requirements. The initial study and

evaluation will result in.the choice and procurement of computing equipment
that will most nearly satisfy technical and economic considerations.

In order to fulfill immediate simulation needs of the program, an

interim plan will provide the necessary computer equipment for at least the

first one and one-half years of the program. In this way the optimum
equipment can be integrated into the facility at normal procurement rates.

The interim buildup of in-house general purpose analog computing

capability/ is scheduled to meet the simulation study requirements buildup of
Figure 59. This interim buildup will result in a total operational

amplifier count of 896 in October 1962, and 1400 in January 1963. In
addition to the general purpose analog computer equipment, an F86 simulator

has been procured to satisfy the immediate simulation need of the program.

Benefits to the engineering program from this approach are not limited

to the computer capabilities of the F86 simulation equipment, but also _

include the acquisition of flight instruments that are compatible with the

computer complex and would not require special buffer equipment. Minor

modifications will have to be made to the computer portion of the F86 simu-
lator to adapt it to the Apollo project.

- 213 -
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The interim plans also include the tie-in of an IBM 7090 digital com-

puter to the general analog computers. An existing analog-digital conversion

system is being expanded to accommodate the Apollo simulation requirements
and a second unit has been procured to meet the multiplicity of operations

requirements.

In the development of the optimum simulation equipment plans, several

possibilities are being investigated concurrently. The approaches chosen

include the following:

Utilization of general-purpose analog computer equipment tied in with

general-purpose digital computer equipment

A mixture of general-purpose ana.log equipment, general-purl_ose hybrid j
equipment, digital differential analyzer equipment, and general-

purpose digital equipment

Special-purpose digital equipment connected to general-purpose or

special-purpose analog and digital differential analyzer equipment

Since the Apollo simulation program needs are extensive and will

continue to grow with time, the simulation facility simultaneously may
require more than one of the above approaches.

Engineering Evaluator s _Simulator si , , i

With the prevailing viewpoint that the Apollo will be man-oriented, it

is necessary to provide the proper command module environment. Several

phases in this requirement are evident.

Because the spacecraft will be undergoing continuous design modifi-
cations, it will be impractical to utilize hard simulators in the initial phases.

The choice, therefore, is simple: wooden shells. In order to provide some

electrical continuity, a metal lining will be used; hence, the term, semi-

hard. These units are denoted as engineering evaluators. The final

simulators must be, in a11 interior respects, replicas of the flight articles,

and, moreover, must ensure proper operation o_ the installed spacecraft

equipment prototypes. These simulators are denoted as engineering
simulators.

It is necessary to have more than one simulator at one time to permit

updating, as well as to accommodate peak workloads. These requirements

then can be translated into the schedule shown in Figure 60, which gives a

D total of three command-module engineering evaluat0rs and two engineering
simulator complexes.

- 215-
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The three semi-hard engineering evaluators are used for man-machine

computer tie-in studies, human factors analyses, and electronic systems

synthesis. Schedu].ing of these units (Figure 60) is based on the phasing plan
for simulator evaluations (Figure 58).

The Engineering simulator complexes are planned to include replicas

of the command-module configuration and wiU be identical to the spac.ecraft
with respect to the following:

Interior volume

Controls and displays

Crew stations and equipment, e.g., drawers, refrigerators, and
waste r_anagement

Stabilization and control components

Guidance and navigation components, including the on-board digital
compute r

Secondary lighting and ventilation systems

Secondary power systems

The exterior construction will preserve the appearance of the space-
craft as seen by the crew through windows and other aids. Installation.

maintenance, or removal of the systems may be accomplished from either

the inside or the outside of the simulator through hatches, doors. Jr panels.

The complexes are simulation-oriented by means of a full-time tie-in

with the analog and digital computer equipment, visual environment s.imu-

lators, and ground control simulators. Engineering simulator complex

No. l is scheduled to handle the preeminent simulation evaluations and, as

such, is designed for greater simulation capability than complex No. 2.

Table Z presents a comparative summary of the ec_uipment associated
with each complex. A full description o£ each complex is contained in ......:

class Z documentation related to boilerplates, airframes, evaluators, and
simulators.

- _17 -
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D Table Z. Engineering Simulator Complex Comparison

Equipment 1 Z

i

Simulator control Yes Yes

Visual simulation Full Partial

Computers Yes Yes

Command module Boilerplate Z6 Boilerplate Z7

Structure Yes Yes

Environmental control system Full Partial

Electric power system Prototype Operational, partial

Wiring Yes Yes

Crew provisions Full Partial

Couches Yes Yes

Impact attenuation Yes Yes

Miscellaneous mechanization Yes Yes

system /

Telecommunications • Yes Yes

Guidance and navigation Full Simulate or breadboard

system with provision to

accept hardware

Stabilization and control Full Simulate or breadboard

system with provision to

accept hardware

Controls and displays Yes Yes

Communication Partial Partial

Service module engine + Yes No

gimbal system

Flight table Yes No

GSE Yes No

I0 '

- Zi8 -
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Visual Environment Simulation

The simulation of a visual environment for design-evaluation simulation

effort is not required to be as refined as that required for the crew training

complete-mission simulation. However, because the project is man-oriented,

it is necessary to include in the engineering evaluation program such visual

environment simulation necessary to meet design objectives.

The visual simulation systems in design will provide the crew with
realistic visual displays to represent earth taunch, earth and |unar rendezvous

and docking, earth orbit, earth landings, and transearth-translunar tra-

jectories. Closed-loop TV systems, in conjunction with optical methods,

are indicated for the facility, rather than direct optical viewing. The control

signals to the visual simulation equipment will originate £rom the real time

solution of the spacecraft flight problem.

The visual system associated with engineering simulator complex

No. l wiU support the more involved simulation evaluations_ while the

system for complex No. g will handle the bulk o£ the Limited flight phase

evaluations. For examplej a celestial sphere is associated with complex
No. I and a projector-screen arrangement is adequate for complex No. Z.

r Visual environment equipment is as follows:
Engineering Complex No. I

Earth models with cameras

Lunar models with cameras

Rendezvous models with cameras

Day and night models

Celestial sphere with cameras

Film projector

Sextant model (with selected star field)

Visual loop adapter

Full projection dome (planetarium)

Visual display checkout equipment

- ZI9-
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Engineering Complex No. 2

Earth models with cameras

Lunar models with cameras

Rendezvous models with cameras

Day-night display systems

Visual display adapter and projector

Portable projection screens

Visual display checkout equipment

The earth orbital Night phase requires earth models, while the

circurnlu.nar, rendezvous, and lunar operation flight phases requires earth
and moon globes and rendezvous models for orientation information. The

size of such models has been determined tentatively, and it may prove

possible to use relatively sm_ll models in conjunction with variable focus
lenses on the TV system.

For landing phases it appears necessary to have at least two terrain
models. Scales set at perhaps I000 to I and 50,000 to 1 woudd be tentative

choices, but they cannot be fuily defined tmtil the actual trajectories are

determined. It is likely that the terrain models used will be changed during

the program in order to study different landing sites and to accommodate
different trajectories.

Conventional TV pickup tubes seem to respond best to natural colors.

Therefore, it is recommended that, in lieu of an extensive research program,

natural coloring be used rather than shades of gr._y.

Buffer Equipment

Buffer equipment is required to tie-in all of the separate portions of

the simulation complex. Signal conditioning and buffering are required in

the interfaces between any two of the following:

Computers

Instrument displays

Controls

- 220 -
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Airborne hardware

Visual display equipment

Automatic checkout system

Master control station

Readily available commercial equipment will be used insofar as is

practical. The special-purpose buffer equipment required wiU be designed
and incorporated in the usual fashion.

Master Control

\
A master simulation control station will be provided to control and

monitor the operation of each portion of the simulation facility and provide
the simulation of the GOSS system. It will provide quick-look, reai-time

data reduction necessary to monitor the progress of the simulation study.

These requirements are under study and will be implemented by the
purchase of commercial equipment and by the design and construction of the
necessary special purpose equipment.

Data Reduction

The extensive data reduction requirements of simulations will be met

by a combination of special analog and digital programs to provide on-line

data reduction and analysis. This also will be accomplished by the usual
off-line techniques.

Automatic Checkout S_rstern

The requirements for checkout of the simulation complex are more

severe in many ways than the checkout of the actual system, because the

facility must be used nearly full time to meet the Apollo design schedules;

not only must the spaceborne hardware be checked out, but also the computer

complex, buffer equipment, and visual display equipment. These require-
m_ents can be met efficiently and economically only by an automatic checkout
system for the simulation equipment. These requirements will be satisfied

by a combination of subcontracts, Apollo GSE equipment, and specially
designed equipment operating in conjunction with the digital computer portion
o£ the simulation complex.
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D TRAINING EQUIPMENT _'"_.

Introduction "_

The training equipment development program for the Apollo spacecraft
project consists of two types of trainers: the complete mission simulators

and part-task trainers. The part-task trainers used are navigation and

trajectory control, orbital and rendezvous, and earth launch and reentry.
It is intended that one trainer mission simulator and the three part-task
trainers be located at the Manned Spacecraft Center, Houston. One trainer

mission simulator wiU be located at the Atlantic Missile Range.

OBJECTIVE

The objective of the training equipment is to provide integrated,

realistic, crew training for the three crew members in all phases of the
mission_ including prelaunch, launch, orbit, translunar, lunar orbit,
rendezvous, transearth, entry, and landing.

Requirements

The trainer requirements to fulfill the stated objectives should:

I. Provide a realistic presentation of command module equipment,
instruments, and displays

2. Provide a means of instructing and monitoring flight crew

3. Provide a method for degrading or malfunctioning in the
command module equipment Sor crew experience

4. Provide opportunities for the crew to be exposed to simulated
emergency operations, abort, etc.

5. Provide simulation of command module weight and center of
gravity chanBes, dynamics, buffeting, sound and external visual
stimuli

6. Provide the trainer with the facilities to be linked to the GOSS
network

7. Provide automatic self-check and malfunction detection and evalu-
ation to the black box level, where applicable

8. Provide" sufficient flexibility in design to allow rapid and
inexpensive modification and growth

- 222 -
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0 Description of Training EquipmentTypically0 the trainer mission simulator and each of the part-task
_.. trainers will consist of the following subsystems:

_"'_ 1. A simulated command module

Z._C_pmputing and peripheral equipment

"_.

3. Suppor _'_.quipment

• _, o

4. Visual slmulatlo_.eqmpment

5. An instructor's consol'e_-_..._
6. Air conditioning equipment "'-..

7. Power equipment _'_.

The view of the trainer mission simulator (Figure 61] is also _
typical of the part task trainers. The trainers will provide realistic '_

representations of all equipment in the command module whichis used,
either in normal operation or in emergency operation of the spacecraft,

fol,ow -during the particular phase the trainer is designed to simulate. The ' "

ing discussion describes the major subsystems.

Simulated Command Module

The command module system will consist of the controls and displays

• necessary to simulate the Apollo system. The control and display panels
will be identical in appearance to those in the Apollo spacecraft. The

equipment in the spacecraft not required to perform the simulation will be _. ....

"mock-up" to preserve realism. The instruments will perform with the

same response, scale, time delay, and accuracy as those in the spacecraft.

On-board maintenance responsibilities will be the same in the simulator as
they will be in the spacecraft, in order to provide malfunction detection and

maintenance experience for the Night crew.

Computing and Peripheral Equipment

The digital computing equipment will accept program control routine
and subroutine functions and will serve as the master control of the computer

complex.
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The central digital computer with specific analog equipment, where

needed, will be utilized to mechanize tSe trainer equations. The computer

complex will perform all trajectory computations, simulate the guidance and
control system, present the necessary position data for the visual simulation

system, perform malfunction insertion and correction, execute self-check,
and assess the performance of the astronauts.

The computer complex will include the necessary peripheral equipment
for signal conversion and processing.

Support Equipment

The support system wiU include the following equipment:

1. The audio and vibration sirr_ulator will reproduce the noise of

reaction jets, thrust engines, and any other meaningful sounds.
The presence or absence of these sounds is an indication of a

possible system malfunction or emergency condition.

2. The communication simulator will simulate all communication

channels between the Apollo spacecraft and ground stations. Time
delays, noise, fading, and special interference (such as, solar
flares) wiU be introduced to lend realism.

3. The interface equipment will link the trainers to NASA integrated
mission control complex.

Visual Simulation Equipment

The visual simulation system will present simulated external views to

the flight crew. These views whether through windows or through the
scanning telescope, will be in natural color, with magnification factors the
same, as if they were seen from the actual spacecraft. Accurate st_r-earth

or st_r-moon, and other angular relationships required for navigational
purposes, will he provided by visual cues through the sextant. The motion

of the visual simulation system in response to attitude changes of the

spacecraft will be automatict being controlled by the computer complex.

Instructor Console

The instructorts console will maintain a set of repeater instruments,

so that the instructors can monitor the performance of the flight crew. All o
control of the trainer will be initiated by the instructors at the console.
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Development Approach

To achieve the program planned for the training equipment, the

developmental approach will be based on a thorough and complete study of

flight and ground crew tasks, an analysis of the relative difficulty of these
tasks, and the development of a training plan to assure that all personnel

may achieve the proficiency required for successful missions. After the
determination of the training requirements, the training equipment to

implement these requirements will be developed as follows:

I. Methods of mechanizing spacecraft trajectory equations and

system performance simulation will be analyzed. This encompasses

studies of vehicle dynamics, attitudes, trajectories, system

electronics, thrust characteristics, etc.; the development of
mathematical models for simulation of these characteristics; and

the determination of optimum methods for real-time simulation.

Z.. The visual and aural simulation systems will be analyzed and

defined. This includes studies of various methods of presenting

visual and aural cues_ determination of degree of fidelity required

for trainings and cost studies of various S_,stems.

i@ 3. Trainer and trainee evaluation methods will be analyzed and

; developed. This involves study of the methods for determining

the trainee's proficiency in learning required responses and the
trainer's proficiency in developing teaching procedures.

4. Computer requirements will be defined. This involves defining

the digital and analog computer functions and determining the

computer sizes and capabilities.

5. Normal and emergency mission training computer programs will

be developed. .

6. Trainers will be designed and manufactured. This activity concerns

the design of structure, the development.of simulated controls and

displays and activating mechanisms, electrical and electronic

design of trainer-to-computer interfaces and computer-to-NASA

equipment interfaces.

7. Test methods will be developed in the form of test outlines and

checkout procedures.
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STRUCTURAL DESIGN

The structure and mechanical systems of the spacecraft include all

spaceborne structure of the modules, mechanical devices, and system

mounting interfaces. Study areas included are spacecraft weights,

structural dynamics, materials, producibility, and strength determination.

Concurrent with the basic study efforts by other functional engineering i
groups, design will begin on layouts and production drawings of a vehicle

configuration that can perform the specified missions. This effort will be

carried out in close Coordination with all of the Apollo technical disciplines.
The design groups will establish the basic load paths, select the material

and manufacturing processes, and determine the major assembly sequences.
The design groups also will support manufacturing in material review,

salvage and rework, drawing maintenance, and redesign.

COMMAND MODULE

The command module is the major unit of the Apollo spacecraft. It

houses the crew and contains all equipment necessary for crew support and

for control and recovery of the spacecraft. This configuration satisfies the

requirements for aerodynamic shape, center-of-gravity location, interior
volume, and crew and equipment disposition. The maximum diameter of

154 inches was established for the nominal overall size, while a diameter

of I$1.50 inches was established and frozen for the working design size of
the primary structure. Difference in diameter is in the ablation material.

The final thickness of the material will be determined by Avco or NAA during
its development program. With the basic configuration proposed, thickness

changes can be made in the ablation material without affecting the essentialstructure.

The command module consists of an inner structure enveloped by an
% external heat shield composed of an outer structure and ablative material.

Between the inner and outer structure is a layer of insulation. Both the

inner and outer structure are symmetrical about a common center line,
which is coincident with the launch vehicle center line.

The command module contains three compartments: the forward

unpressurized compartment, the pressurized crew compartment, and the

aft unpressurized compartment. The inner struct#re is the crew
compartment; the external heat shield and the insulation form the thermal
protection system for the module,

t ZZ7
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0 At the forward end of the command module, the launch escape system
;will be attached at four points by tension fittings, which include individual

release mechanisms actuated by a single device.

At the aft end of the command module are three tension connections

(used to attach the service module directly to the command module), and
six compression pads, three of which will take shear loads. Umbilical

connections (electrical, coaxial and hard line) and direct tension connections
will be located on the aft compartment heat shield.

Inner Structure

The inner structure will carry the primary load for the command

module and will be fabricated from bonded aluminum honeycomb. The

welded, inner skin will form the integral, pressurized crew compartment.

The inner skin is made up of chem-milled panels welded together and also

welded to all the 10ad-carrying or distribution members, such as longerons,
access door frames, window frames, and penetration fitting frames. The

outer skin and core are bonded together and to all the load-carrying members.
In turn, the core is bonded to the welded inner skin.

The structure will consist of a forward bulkhead, forward and aft

sidewalls, and the aft bulkhead. Four continuous longerons will support the
launch escape system at the forward ends and react the service module

booster loads at the aft ends. Additional longerons in the aft sidewall will

react the remainder of the booster thrust loads. Special bulkhead pene-

tration fittings will allow passage of the electrical, coaxial wiring, and hard

lines through the sealed wall and into the pressurized compartment.

The forward sidewall will contain the side access crew hatch and four

observation windows, and the crew hatch will contain the additional fifth

window. The forward bulkhead will house the forward cylinder; the forward
crew access hatch is located at the extreme forward end of the forward

cylinder. Four structural beams (attached to the forward bulkhead) and the

forward cylinder are used to react the internal pressure loads, forward

compartment heat shield jettison loads, drogue mortar loads, docking loads,
and the parachute attachment loads.

AI! crew access hatches are designed as internal opening hatches to

minimize the pressure-sealing problem. All penetrations through the
pressure wall will be welded in place, if possible; otherwise, the penetrations

will be mounted to flanges which are gasket-sealed to the inside of the
pressure wall.
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Heat Shield

The external heat shield (which is also a primary structure) consists
of the outer structure, the ablative material, and the insulation to form the

thermal protection system for the command module. The ablative material

will be designed and installed by Avco.

Charring ablative materials are used as the primary means of

providing entry heating protection for the command module substructure.

No active cooling of the cabin walls will be required. The ablative materi_tl

will be installed in a honeycomb matrix previously bonded to the outer
structure. In addition, the ablative material will be bonded to the outer

structure. The bond attachment will react the thermal stresses caused by

thermal expansion of the two materials. Fenetrations through the ablative

material will be suitably spaced and designed to minimize heat influx through
the heat shield.

The outer structure is a brazed honeycomb of PHI5-7 Iviosteel

assembled in constant-depth panels. The panels are welded to each other

to form a continuous substructure for each compartment heat shield. The

t skins are chem-milled to provide lands for welding or local reinforcements
for attachments or penetrations.

The heat shield consists of three major components: the forward

compartment, the crew compartment, and the aft compartment heat shields.

The forward heat shield is a complete conical unit with the d.iscone

antenna attached at its forward end. The antenna is hinged sideways to allow
.... access to the docking mechanism and the forward crew access hatch. The

aft end of the heat shield contains four local recessed fittingswhich allow

• the launch escape system to be attached directly to the primary inner

structure by four tension fittings. These recessed fittingsalso are used to

attach the heat shield to the inner structure by the use of additional tension

fittings. Forward ejection of the heat shield is accomplished by four ejectors
mounted to the forward end of the heat shield. A small access door is

provided for local area service within the compartment. Removal of the

entire heat shield provides installation and major service access to the
equipment within.

Stringers and frames are used to attach the crew compartment heat

shield directly to the inner structure. The heat shield assembly is fabricated

as a major unit, and is lowered over the inver structure; the stringers are

installed by insertin_ them in a set of guide fittings. The frames are riveted

and bolted to prepared angle attachments which are bonded to the inner
structure and brazed to the outer structure,
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The crew compartment heat shie:d contains numerous maintenance

and access doors which lead to the equip..-_.r.nt in the aft co2r=partment. Other

cover doors_ actuated by crewmen or remotely driven mechanismsj provide

visibility through the five observation windows and the MIT guidance equip-
ment. A hatch cover_ which may be ,'emoved externally, is used over the
side access hatch. C-band antennae in the heat shield are mounted flush
with the ablative material.

The aft compartment heat shield is a continuous unit fastened to the

inner structure by 56 tension bolt connections. The service module booster

loads arc transmitted directly thrnugh the heat shield to the inner structure.

Removal of the heat shield allows for the installation and service of all

equipment located within the aft compartment. The outward corner of the

heat shield substructure has been designed as a sheet metal assembly (rather
than honeycomb) to simplify the manufacturing problem for this double
curvature area.

•Systems Installation and Structural Support

The forward compartment of the command module contains the three

main parachutess drogue chute and mortar, and remaining elements of the
recovery system. It also contains the tower and heat shield release

mechanism_ docking mechanism, and the forward crew access hatch and

tunnel. Two of the pitch engines also are installed in this compartment.

The crew compartment consis_'.sof a crew area and the equipment bays

surrounding this area. The three crewmen are positioned in three, side-by-

side couches. The center coucht when relocated below the left-hand couch_

forms the sleeping area. When the center couch is removed it provides a
passageway within the co_nmand module.

Equipment bayss located about the crew area s contain the various

systems components. The forward equipmentbay consists of the main

instrument panel, plus some environmental control equipment and the

in-flight test checkout panel. The aft equipment bay contains the crewmen's

food and fecal canister. The left-hand equipment bay consists of the major

components of the environmental control systemj while the right-hand

equipment bay contains medical supplies, scientific equipment and the life
support equipment.

The lower equipment bay contains the greatest amount of serviceability

_ for in-flight mv.intenance. Equipment in this bay is most likely to require

service. High density is an additional requirement for equipment in this bay

because finalcenter of gravity of the command module must be located properlyO
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toward the _Z axis. Equipment located in this bay includes telecommuni-

cations, stabilityand control, scientific equipment, guidance and navigation,

and the environmental control sys'_em Lithium Hydroxide cannisters.

A series of secondary support structure will bolster the equipment
within the bays. This structure will be bonded to the inner wall of the inner

structure for proper load distribution. The structure will incorporate the

"cold plates" as part of the structure and will contain built-in passages for

the wiring harness and the environmental control system fluid lines. These

passages are located at the front face of the secondary structure for ease of

harness installation. The design for the installation of all equipment and its
secondary support will.be for easy equipment installation, service, or
removal.

The aft compartment contains the reaction control system:: components

and water management system, plus the structural tension bolts between the
heat _hield and the inner structure. These systems contain the reaction

control engines, the tankage, lines and control system units for the dual

propellants, storage containers, lines and control system units for the

propellant pressurization lines, cooling and drinking water tanks, and the
electrical and hard line umbilical connection between the aft heat shield and
the inner structure.

Tankage equipment is supported by the aft compartment frames. The

propellant pressurization lines and electrical harness are fastened to pre-
bonded members attached to the inner structure. Field access to the aft

compartment equipment is obtained by removing the service and maintenance
doors. To install or remove equipment, the aft heat shield is removed.

Launch Escape Tower

The launch escape system consists of a series of structures attached

to both ends of the integrally structured launch escape motor. The
= sequential asseml,ly consists of the nose cone, the ballast enclosure

(containing appropriate ballast and the pitch control motor), the jettison

motor with adapter structure at both ends, launch escape motor, flow

separator and structural skirt, and the launch escape tower.

The nose cone is constructed from spun Inconel X material. The
ballast enclosure, fabricated from riveted 4130 steel, contains the internal

support provision for varying amounts of ballast as well as the thrust
_, structure for the pitch control motor.

Both the flow separator and the structural skirt are constructed of

) riveted 6AI-4V titanium sheet and forging stock covered bF a thermal
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protection material applied to the outside surfaces. The flow separator is
designed for ready removal in the field before the launch escape system is
installed on the command module.

The launch escape tower is a four-legged, welded 6A1-4V tubular

construction with the attachment to the command module at the aft end and

adjustable fittings at the forward end. The fittings will adjust the thrust
vector of the launch escape motor to the center-of-gravity location of the

combined command module and launch escape system. The aft end of the

tower contains a sheet metal "bent," which also is used to house the

separation control mechanism and the actuating cablecutters. Service to
this mechanism is provided by access doors in the "bent."

SERVICE MODULE

The service module will be attached to the command module for all

phases of operation except earth landing {it will be jettisoned prior to

entering the earth's atmosphere). The service module will house the

mission propulsion and reaction control systems and major portions of the
environmental control, electrical power supply, and communication systems.

The spacecraft adapter will attach the service module to the launch vehicle
for all types of missions, except lunar landing. The service module

propulsion system engine will extend into the spacecraft adapter.

The service module will consist of seven compartments (six spaced

around a center compartment) for housing service propulsion system tanks

and systems or major portions of systems. Two environmental control

system radiator panels and three fuel cell radiator panels will encircle the
outer compartments of the module.

The structure will include six radial beams and two perforated

bulkheads. The external shell will include two large environmental control

system radiator panels, and three fuel cell radiator panels mounted around
the cylindrical periphery of the module. The external shell of the module
will be constructed of six aluminum sandwich panels attached to the outboard
ends of the six radial beams. These beams will include fittings at the

forward end to mate with the command module ablative material contour.

Tension loads between the service and command modules will be

• reacted by three tension ties. The lower surface of the aft bulkhead will

react a uniformly distributed load around the periphery of module, which is

imposed by the spacecraft adapter.

The service module primary-load-carrying structure will provide

adequate load paths for vehicle thrust loads, service module propulsion loads,

tankage inertia loads, and command-module-to-service-module, or service-
module-to-adapter staging loads.
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Fuel, oxidizer, and helium tanks will be designed to include instal-
lation provisions. Coordinated tank designs will evolve from consulations

with propulsion and electrical persounel in order that interfaces of plumbing,
wiring, and expulsion systems will be provided by the structural designs.

All mounting bracketry for installation of equipment in the service
module will be designed and coordinated with all system design groups to
arrive at a final design for the mounting interfaces. Structural design and
mounting of the radiators for the environmental control system and the
electrical' power system will be provided to include adequate stiffness and
insulation.

SPACECR_AFT ADAPTER

The spacecraft adapter will be used to connect the service module to
the launch vehicle or to the LEM in the lunar-landing missionand to enclose

the service module propulsion engine nozzle. An umbilical B_tween the adapter
and the service module will connect circuits providing launch vehicle propul-
sion, control, and abort information to the instrument panel in the command
module. The connection will automatically separate upon pull-away of the
spacecraft from the launch vehicle. The adapter also will contain instrumen-

tation consisting of sensors and associate signal conditioners for providing
structural data. The spacecraft adapter for the C-I will be separate and
d_.stinct from the lunar excursion module adapter.

The spacecraft adapter will be constructed of aluminum sandwich

panels and will be reinforced at both ends by two frames. The upper, or
forward end of the adapter will contain a machined fitting which will bear
uniformly against the service module. The lower, or aft end of the adapter
likewise will terminate in a continuous, uniform joint tlmt will be part of
the circumferential mating ring.

SPACECRAFT MECHANICAL DEVICES

_ The spacecraft will include mechanisms to be used in combination
with electromechanical and pyrotechnic actuation devices. These mechanisms
will position, lock, or release various assemblies of the spacecraft. The
in terstage separation mechanisms will separate the spacecraft modules

_ and/or adapters by remote command during launch, orbit, lunar entry phase,
h, nar launch, and earth entry phase. In the earth-orbital mission, separation
will occur at the interfaces between the spacecraft adapter and the launch

!
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vehicle, the command module and the launch escape tower, the service
module and the spacecraft adapter, and the command module and the service
module.

SPACECRAFT HEAT PROTECTION

A layer of microfibor will insulate the cabin structure from the heat
shield. The substructure of the heat shield will consist of brazed corrosive-

resistant steel to which ablative material is bonded and, if required,
fastened by mechanical fasteners. The heat shield substructure w;ll be
attached to _he primary structure in a manner that will allow thermal
expansion without introducing thermal stresses in the cabin structure.

Charring ablative materials will be utilized as the primary means of pro-
viding entry heating protection for the command module substructure. No
active cooling of the cabin wall will be necessary.

DEVELOPMENT STUDIES

The orderly development of qualified and efficient structure and
mechanical devices capable of withstanding the Apollo mission environments
will be accomplished as described below.

Weights

Component and vehicle estimates based on parametric analyses of

preliminary layouts will precede the preparation of calculated weights from
layouts and released spacecraft drawings. Centers of gravity, inertias,
and three-axes mass distributions will be computed for use in load and
dynamic analyses. Weight trade-offs will be performed for various design
evaluations and final selections.

Continuous efforts for the program will include preparation of weight
status, centers of gravity, inertia, AMPR and cost analyses, and the weight
and balance data.

Structural Dynamics

r
The three major task study areas included within the category of

dynamics are loads and criteria, dynamic response and shock, vibration, '
and acoustics.

Loads and criteria efforts will consider the ground conditions for
impact, atmospheric and space flight, abort, entry, and recovery conditions.
Studies will be conducted relative to safety factors and material selection,
shock, vibration, noise, temperature, pressures, acceleration, "radiation,
and meteoroid environments.
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Dynamic response study eHorts will include calculations of model

analyses of individual modules and the complete spacecraft, selection

studies including wind tunnel tests for the recovery, landing system and
response analyses for acoustic and aerodynamic environments.

Shock, vibration, and acoustic design and test criteria will be

established from studies of the anticipated environments. Shock and

vibration isolation requirements will be determined for the mounting of
spacecraft systems. Flight and ground test dynamic measurements will be
acquired for use in structural evaluation.

Structural Methods

In support of the structural analysis effort, original structural analysis

methods will be developed. Emphasis will be placed on determining the

deflections and stress of conical and spherical shells under unsymmetrical
load and nonuniform thermal gradients. An analysis will he made to
determine the effects on the spacecraft of the micrometeoroid environment.

Original structural analysis methods will be developed to support

the structural analysis effort. Emphasis will be placed on determining the

deflections and stress of conical and spherical shells under unsymmetrical
load and nonuniform thermal gradients, An analysis will he made to

determine the effects of the micrometeoroid environment on the spacecraft.

Ground Support Equipment

The design of boilerplates and mock-ups will include all necessary

attachments for ground support fittings and the structure required to carry
loads resulting from ground handling operations. The spacecraft structure

will be designed on the basis that ground handling operations will be per-

formed by normal spacecraft interface systems, and that loads (due to
ground handling operations) will not require addition of structure to the

spacecraft. Continuous monitoring of handling procedures and the resulting
loads to the spacecraft structure will assist in accomplishing this.

/
/

To provide reliabilityconfidence in GSE, structural analysis of GSE

designs will be performed and manufactured parts will be structurally tested. "

Coordination with GSE design will assure compatibility of ground support
and checkout equipment with the spacecraft interface systems.

Development plans for structures, mechanical systems, and earth

landing systems are illustrated in Figures 62 through 64.
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DEVELOPMENT TESTS

Structures

Structural tests will be conducted on the components, subassemblies,

assemblies, and combined assemblies of the launch escape tower, command

module, service module, spacecraft adapter, and ground support equipment

handling equipment.

The test program will begin with laboratory tests to provide design
and development information under combined flight environments and loads

for prototype components of structure. Criteria of static and aerodynamic
loads, hard vacuum, heat, meteoroid impact, vibration, and acoustics will

be applied. Included are dynamic tests of the impact attenuation subsystem

struts, acoustic and vibration tests of typical panels of the modules, thermal

tests of the heat shield, and miscellaneous load tests on fittings.

Subassemblies and assemblies will be tested to design and ultimate loads

under critical environments for design verification. Included are thermal

testing of the command module base and heat shield and dynamic tests of

boilerplate and prototype structure and bracketry.

The boilerplate and spacecraft flight test program will provide design
information for verification of flight environments, evaluation of structural

components and assemblies, and prequalification data for the final design

configuration.

Ground handling slings, dollies, trailers, etc., will be proof-load

tested to applicable specifications.

Mechanical Devices

Development tests will be conducted on mechanisms for separation,

release, deployment, positioning, and shock attenuation.

Components of each device (i.e., latches, cable-cutting release

units, shock struts, adjustments, pivot points, etc.) will be development

tested for conformance to Apollo mission environments and evaluated for

design suitability. Flight body loads will be applied and critical _"
measurements of travel, stress distributors, response time, and deflection

during operation will be compared with design requirements, thus verifying

a design or indicating a modification or redesign. Conventional static and

dynamic load and operational tests will be conducted in the laboratory under

hyperenvironments of entry, hard vacuum, radiation, and meteoroid

impact, wher_ applicable.
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IO Mechanical devices will be installed in house 1 (B-14) andspacecraft

2 (aicframe 006) to evaluate performance and compatibility for continuing

improvement of design.

Further verification and eventual qualification of the devices will

result from ground and flight testing of the boilerplates and spacec raft which

use these mechanical devices. For example, the recoverable command

modules wiU provide operational data when the forward compartment cc,ver

and its release mechanism are subjected to flightloads. Separation devices

for the launch escape tower and modular interfaces will be evaluated during

test flightmissions.

Materials and Producibility

The investigation and selection of materials and processes for design

of Apollo will be accomplished by literature search, analyses, and test. In

the event that required data is not found in the literature, or that studies are
inconclusive, tests will be conducted until sufficientdata is acquired to =

document objective engineering decisions. The general plan for implementing
and disseminating this information is diagrammed in Figure 65.

The following items are considered of paramount i_portance in the

selection of materials for the design, fabrication, and operation of the

Apollo spacecraft:

Optimum strength-to-weight characteristics

High reliability

Resistance to natural environments

Resistance to induced environments

High quality at minimum cost within confines of the schedule.

Generally, tests will he conducted either in the SaID Engineering
Development Laboratories, other North American Aviation research

facilities, or major government or commercial research facilities.

Available equipment and schedule requirements will dictate facility

choice and utilization. Data will be obtained promptly and economically.

Each test project will be monitored by the respon?ible Apollo material and

producibility unit. Apollo quality control and Apollo manufacturing will be

assisted as necessary.
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Major criteria for selection of design and material on the early

spacecraft wilt be the result of proven successes in air and space vehicle

usage. Ult:'_-ate selection of materials and process will be determined by

(I) successful prequalification on integrated ground tests, and (2) qualification

on an unmanned spacecraft before final acceptance in the design of a space-
craft destined for manned missions.

Earth Landing System

Components will be initially tested by the subcontractor and/or the

Contractor and will progress through to complete system hardware testing.

Tests will be conducted emphasizing interface areas to thoroughly explore
complete system problems. Prototype components will be subjected to

Apollo mission environment and tested for proper functioning.

The crew support, suspension, restraint subsystem will be developed,
tested, and prequalified using B-1 and B-2 and the NAA water and land

impact test facility. Final verification will be accomplished using prototypes

of these systems with an airframe 005 command module to be reprogrammed

foUowing completion of its prime static test objective. The drogue

parachutes, main parachutes, and means of deployment and mechanical

location aids will be developed and tested by the subcontractor. NAA and

the subcontractor will conduct verification tests in the form of air drops

using B-3 and B-19.

The environmental proof spacecraft, airframe 008, will include the

installation of the earth landing system and will verify the capability of the
system to withstand the environmental conditions of the Apollo missions.

In addition, the earth landing system will be further tested by the

requirement for the earth recovery of the command module in the following:

Pad abort escape test: B-6

Escape at maximum q test: B-12 and airframe 00Z

High-altitude abort: B-22

Very high-altitude abort: airframe 009

Further assurance of operating capabilities will result from recovery
of the following: B-23, airframe 007, 010 (recovery qualificationS, and

012 (back-up).
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Launch Escape System

During the subcontractor development program, the igniters will be

tested in an inert motor and evaluated. The launch escape motor will be
static fired 18 times and the jettison motor will be static fired 30 times to

evaluate engi,ne and solid propellant characteristics. "At the end of the

_ubcontractor development programs for both motors, two simulated

altitude performance tests will be required to optimize the design before
flight test,s.

The tower structural and mechanical release components will undergo
functional and environmev.tal tests by S&ID prior to boilerplate evaluation
tests.

S&ID prime contractor pad abort test on B-6 will be made to evaluate

the tower jettison and launch escape motor flightdynamic characteristics.

Little Joe II launch escape system tests performed on B-12 and

airframe 002 at max q conditions will demonstrate and evaluate maximum '

dynamic pressure. Additional data obtained during abort tests will be

escape tower structural verification, vector thrust analysis, programmed
controls: and operation of the parachute system. {Further structural

integrity of the tower, including related launch escape motor tests, will be
conducted on B-13, B-I4, B-15, and B-18.)

High- and very high-altitude launch escape motor system testing will

be done on B-22 and airframe 009 (all;frame 012 back-up} including recovery
system tests. Partial launch escape system tests {tower or motors} will
be performed on airframe 004, 006, 007, 008, 010, and 011 because of

configurational requirements. (Tower release mechanism tests are

included in B-6, B-9, B-14, B-15, B-16, B-22, and airframe 002, 004,
006, 007, 008, 009, and 011.)

PROBLEM AREAS

Problem areas associated with development of spacecraft structures

and mechanical systems, along with approaches which will be taken to
obtain resolution are listed in Table 2.9- I.
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Table 3. Problem Areas

Problem Source Problem Area Approach

. Radome for command Selection of adequate Material investigation

module antennas radome material for is currently in

space environment progress.

Command module heat Convective and radia- Wind tunnel test

shield tire heat transfer program supported by

during atmosphere extensive analyses.
reentry

Adequate structural Development, evalu-
protection ation, and

qualification tests.

Space radiator Optimization of weight Investigation of heat

(Electrical and and reliability pump utilization and
Environmental Control) movable radiator. _ :':

Structural implications Engine start Studies of problem. ::
during S/M abort

Micrometeoroid space Establishment of Additional astronom-

environment confidence levels in ical studies and actual

the space environment satellite meteorite

for micrometeorite measurement tests.

frequency, density, Development of better

and size hypervelocity guns

and analytical
techniques.

Analytical and experi-
mental determination

of penetration
mechanics

Entry heating Simulating entry envi- Further studies on

ronment on large _'_.chheat sources as

structural components ramjet engines,

during ground tests rocket engines, and
radiant heat facilities.

l" j
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Table 3. Problem Areas {Cont. )

Problem Source Problem Area Approach

Hatch and access open- Developmer.t of effec- Design and testing of a

ings through the heat tire heat shield door that will be effec-

protection system enclosures tive against heat

leakage.

Command module Maintain below Develop highly reliable

leakage critical leakage rate sealant techniques, and

leakage rate tests.

Visibility Crew visibility Mock-up studies.

MANUFACTURING

Throughout the design and engineering maintenance of the mock-ups,

boilerplates, and spacecraft, coordination and consultation will be provided
by the design group with the manufacturing department.

D DOCUMENTATION

Documentation efforts will include contribution to the Test Plan,

Spacecraft Familiarization Manual, the Program Plan. the Weight and
Balance Report, and various structural analyses, materials and processes,
and test documents. :-

SUBCONTRACTORS' EFFORTS

Monitoring of subcontractors w_ll be provided by the design and
structures department. Subcontractors include AVCO for heat protection
system, Northrop-Ventura for the landing system, and various structural

subcontractors for honeycomb panels and similar items. Approval and!
surveillance will be provided on the Test Plan and development plan
documentation of the subcontractor.
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GUIDANCE AND NAVIGATION

The primary objective of the Guidance and Navigation group will be to

coordinate Apollo spacecraft requirements during all mission phases. This

objective will be attained via the development of the guidance and navigation
system--establishing, defining, and resolving the interface areas to assure

complete compatibility in all ground and inflightoperations.

Initialprojects will include the following: a lunar mission review to

determine the guidance and navigation system functions during various mission

phases; analyses of earth orbit, circumlunar, and lunar orbit trajectories to ,_,'
establish accuracy and performance requirements; and definition of environ-

mental conditions in which the system must operate. These efforts will

generate a guidance and navigation system performance requirements
specification.

Close coordination will be maintained with the associate contractor

during preliminary system design. This will delineate the equipment neces-

sary for guidance and navigation functions; it will also define the restraints,

constraints, maintainability, and environmental control reliability factors
relevant to the system.

Various Guidance and Navigation system modes and operations will be

investigated to ensure mechanical and functional compatibility as well as the

operational facility of the crew. These investigations will consist of analyses

and subsystem and combined system tests conducted at the laboratory and

house spacecraft levels; these tests wiU verify analytical studies and evaluate
deliverable hardware.

Operating procedures for the guidance and navigation system will be

important considerations in two interface areas. The location of the system
components will be determinedp in part, by which equipment must be made

available to the astronauts during mission phases _either for operation or

display. Also, these requirements will be integrated with those of other

systems to maintain the spacecraft center o£ gravity and structural integrity
as well as to permit mission completion under emergency conditions. The

step-by-step, inflight procedures for navigational sightings, inertial platform
alignment, and related guidance operations will be integrated with other
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Other analyses will be performed in the following interface areas:

I. Instr"xtion design analysis of optical and inertial alignment,

rigital,y s and mechanical integrity of the guidance and navigation
system with the command module structure.

2. Generation of spacecraft attitude error signals within the guidance
and navigation systemmincluding the method of transmission to

the stabilization and control system; signal characteristics -

voltage level, linearity+ scale factor, waveshape, display, etc.

3. Integration of the guidance and navigation system t s ground support
equipment and checkout procedures into the spacecraft checkout

concept _from factory verification to launch-pad countdown--and
the inflight telemetry requirements.

4. Integration of the guidance and navigation system inflight mainte-

nance procedures into the inflight test and maintenance system;
integration of guidance and navigation crew tasks into the total

crew task requirements under a series of defined environments.

5. Analysis of system operation to determine other interface areas

requiring development of additional interface equipment.

6. Evaluation of the combined optical and inertial modes of guidance

and navigation operation which consists of inflight alignment, orbit
determination, and attitude orientation.

Laboratory tests of the actual hardware will be conducted to define the

interface areas, determine requirements and parameters for the necessary
interface hardware, and verify and evaluate equipment design. Other studies
and tests will be conducted to investigate various malfunction and failure

interactions between _uidance and interconnected systems; these studies

and tests will also evaluate astronaut effectiveness in coping with a wide
variety of emergency situations.

Details of each interface configuration will be documented to convey

interface design to all concerned parties. Both installation and integrated
operational procedures will be developed, refined, and maintained to assure

efficient and accurate operation of the guidance and navigation system for
all mission phases and modes of operation.

CombiL:ed systems operating procedures will be developed for "oper-
ational testing of the guidance and navigation system in conjunction with

stabilization and control and other interconnected systems; this will permit.
the effective evaluation and test of the guidance a_d navigation system and

associated components during factory, combined system, and prelaunch
_ operations.

; - 248-
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STABILIZATION AND CONTROL .'

The Apollo stabilization and control system (SCS) includes SCS compo-
nents and related displays necessary for the following operations: high-

altitude0 tower-abort flight; manned earth*orbital flights; and the circumlunar_

lunar orbit, and lunar landing missions.

The design of all SCS components, comprised of highly reliable

elements, (e. g. , Minuteman parts) _vill enhance system reliability, in-flight
checkout, and maintenance capability.

The SCS equipmeflt, subject to crew monitor and control, is presented
below:

1. M_nual translational controls

2. Manual three-axis rotational controls

3. SCS control panel (includes SCS mode select, deadband adjust,

and channel disable)

J O 4. SCS displays (includes flight-director attitude indicator, gimbalposition indicator and _ 'just), and _V Display (includes on-off

thrust, emergency u11age, tail-off correction, AV required and

AV remaining)

Other SCS components, Iocatecl in the lower equipment bay, are

presented below:

I. Rate gyro package

2. Body-mounted attitude gyro package

3. Accelerometer package

4. Electronic control assemblies (three)

5. Display electronics package

6. Spare attitude gyros (two)

7. Spare rate gyro

An SCS over-all block diagram is shown in Figure 06.
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The display elements are an integral part of the SCS; these will meet

the necessary stability and control requirements for the entire Apollo
mission. The display%commensurate with crew requirements, will mini-

mally consist of elements capable of presenting actual and commanded
attitudes and rates of one or more reference sets.

Panel controls will permit the crew to select the operating mode and

perform certain selections or adjustments. Development, design verifi-

cation, evaluation, qualification, and reliability testing of SCS components,

subsystems, and systems will be performed jointly by the subcontractor
and the prime contractor. (See Figure 67.)

The overallte st plan is designedto meet lunar orbits return and re-entry

requirements insofar as hardware:is concerned; this will be accomplished
by progressively increasing the severity of the environment. The SCS will

be subjected to various tests: circuit development; component development;
system mock-up; computer simulation; radio interference; environmental

evaluation; design improvement; acceptance; materials; parameter variation
system development; and qualification reliability tests.

Components and subassemblies will be initially tested by the sub-

O contractor's facility; they will be subjected to various which
tests culminate

in a complete system hardware test which will utilize reaction control motors,
SM engine gimbal actuators, and analog simulation. Additional tests,

conducted by S&ID, will focus on interface areas to thoroughly explore
complete system problems.

Initial testing with other systems will commence in the House Space-

craft (Boilerplate 14). To assure systems compatibility and develop
combined operating procedures every system except propulsion will be

operated in various combinations. In addition, combined operations test
will be conducted under various environmental conditions in the Environ-

mental Spacecraft, Airframe 008. Tests of the mission propulsion motor
system and the reaction control motor systems will be conducted in the
Propu!sion System Test Airframe 001.

REACTION CONTROL SYSTEM

Command Module Reaction Control System Development Plan

The reaction control system of the command module will provid,, ' le

impulses for three-axis attitude control prior to entering the atmosphere,

for roll control during entry and during the earth landing maneuver, and for

attitude and stabilization control during a high-altitude atmospheric abort.
(See Figure 68, )
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The command module reaction ccnt rol system is pulse-modulated and

pressure-fed by helium gas. The system utilizes earth-storable hypergolic

propellants consisting of nitrogen tetroxide (N204) as the oxidizer and a

50-50 blend of unsymmetrical-dimethylhydrazine (UDMH) and hydrazine

(N2H 4) as fuel.
"V ,._

Two similar, independent systems comprise the command module

reaction control system. Each system will have the capability of providing

all the required control impulses in the event of failure of the other system.

Development of the command module reaction control system is shown
schematically in Figure 69.

NAA/S&ID Specification SID 62-700-I and -2 defines the preliminary

mission, design, and performance requirements for the command module

reaction control system. Utilizing SID 62-700- I and -2 as a basis for

design, studies will be conducted to further define the mission profile, design

criteria, and performance requirements for the system. •From these studies,
a basic system configuration will be established.

Each of the two independent reaction control systems _ilI consist of a

pressurized he;_um storage and distribution system, a fuel storage and

IO distribution system, an oxidizer storage and distribution system, and sixreaction rocket engine assemblies. Each pressurized helium system will

be composed of a helium storage tank, a helium jettison valve, a helium fill

valve, a squib valve and filter assembly, solenoid valves, pressure regu-

lators, check valves, relief valves, and vent valves. Each fuel system will

contain a positive expulsion fuel tank, a fuel fU valve, a burst diaphragm

and filter assembly, and a solenoid valve. Each oxidizer system will be

composed of a positive expulsion oxidizer tank, an oxidizer fill valve, a
burst diaphragm and filter assembly, and a solenoid valve.

,_ When a basic system configuration is determined for the comn2and

._ module reaction control system, preparation of the reaction engine specifica-

tion will begin and a subcontractor will be selected. Additionally, a
preliminary breadboard test plan and the design of a breadboard test stand

will be prepared, test stand fabrication and system development tests wi]/ be

initiated, and a comprehensive analysis of the system configuration will be

accomplished. Im certain instances, these phases will be parallel to and
interdependent of each other. Criteria resulting from system analysis and

system development tests will provide guidelines for detailed system design

and completion of the breadboard test plan. Requirements for propellant

system componentsp dictated by the system design, also will be defined in

component procurement specifications.

O The reaction engine will be designed and tested by a subcontractor.
The tests will include engine development and qualification tests. At specific
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stages in the engine development and qualification program, the subcontractor

will supply engines for the breadboard test program, house spacecraft

program_ and various environmental, static test and flight spacecraft
programs. Similarly, propellant system components will be designed,

tested, and supplied (at various stages of development)bysubcontractors.

The breadboard test program will be divided into three phases, desig-

nated as phase I, phase II, and phase IH. Major differences between these

phases will be in the types of components used in the test setup and the fluid

media used during the test runs. Phase I testing will employ readily available
off-the-shelf propellant system components and prototype nonfirable engines.

Fluid media to be used during phase I tests will be water and nitrogen or

suitable nontoxic, nonflammable fluids which simulate the density and viscosity

of the hypergoiic propellants. Prototype propellant system components and

engines will be used in phase II testing, while phase IIItesting will employ

qualified components and engines. The actual hypergolic propellants will be

used during phase Ii and phase Illpropellant system and engine firing tests.

A preliminary system configuration will support B-14 (house

spacecraft l) airframe 006 (house spacecraft Z), and airframe 008 (environ-

mental proof spacecraft}. This preliminary system will be composed of

prototype propellant system components and engines.

Results of the reaction engine development program, the propellant

system component development program, and the breadboard test program

will determine the spacecraft launch configuration. This configuration,

will include qualified propellant system components and engines and will be

installed in B-22 (High altitude abort spacec_#_tft),airframe 001 (propulsion

spacecraft}, airframe 009, airframe 01 l, and all subsequent operational
spacecraft.

Service Module Reaction Control System Development Plan

The reaction control system of the service module will provide the

impulses for three-axis attitude control and stabilization of the spacecraft

.in the lunar parking orbit and during all spacecraft flight phases. These
phases will include translunar and transearth phasest except when the service

propulsion system is active. In all flight phases, the reaction control

system also will provide minor translational velocity increments to the :_
spacecraft. This function will be used to accomplish minor midcourse

corrections, terminal rendezvous, and docking. It also will provide an

initial, positive acceleration force on the propellants of the service propulsion
system during _.ero-g engine starts. (See Figure 70. )

The service module reaction control system is pulse-modulated and
pressure-fed by helium gas. The system uses earth-storable hypergollc
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propellants consisting of nitrogen tetroxide (N204) as the oxidizer and a
$0-$0 blend of unsymmetrical dimethylhydrazine (UDMH) and hydrazine

(N2H4) as fuel.

The complete service module reaction control system consists of four

similar, independent systems located 90 degrees apart. Any three of the

systems will have the capability of providing all the required control impulses.

Development of the service module reaction control system is repre-
sented schematically in Figure 71.

NAA/S&ID Specification SID 62-700-I and-2 defines the preliminary

mission, design, and performance requirements for the service module

reaction control system. Utilizing SID 62-700-I and -R as a basis for design,

studies will be conducted to further define the mission profile, design

criteria, and performance requirements for the system. A basic system

configuration will be estabillshed from these studies.

Each of the four independent reaction control systems will consist of

a pressurized helium storage and distribution system, a fuel storage and
distribution system, an oxidizer storage and distribution system, and four

reaction rocket engine assemblies. Each pressurized helium system will

D be composed of a helium storage tank, a helium fill valve, solenoid valves,
pressure regulators, check valves, relief valves, and vent valves. Each

fuel system will be comprised of a positive expulsion fuel tank, a fuel fill
valve, and a solenoid valve. Each oxidizer system will be composed of a

positive expulsion oxidizer tank, oxidizer fill valve, and a solenoid valve.

When a basic configuration is determined for the service module

reaction control system, preparation will begin on the reaction engine
specification and a subcontractor will be selected. In addition, a preliminary

breadboard test plan and the design of a breadboard test stand will be pre-

pared, test stand fabrication and system development tests wiU be initiated,

and a comprehensive analysis of the system configuration will be accomplished.

These phases will parallel each other and will be interdependent in certain

instances. Criteria obtained from system analysis and system development

tests will provide the guidelines required for detailed system design and

finalization of the breadboard test plan. Requirements for propellant system

components, dictated by system design, also will be defined in component

procurement specifications. _'

The reaction engine will be designed and tested by a subcontractor.

The tests will include engine development and qualification zests. At specific
stages in the engine development and qualification programD the subcontractor
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will supply engines to support the breadboard test program, house spacecraft

program, and various environmental, static test and flight spacecraft

programs. Similarly, propellant system components will be designed, tested,
and supplied (at various stages of development) by subcontractors.

The breadboard test program Will be divi_led into three phases: phase I,

phase II, and phase HI. These phases will differ in the types of components

used in the test setup and the fluid media used during the test runs. Phase I

tests w_ll employ readily available off-the-shelf propellant system components

and prototype, nonfireable engines. Fluid media to be used during phase I
tests will be wa_er and nitrogen or suitable nontoxic, nonflammable fluids

which will simulate the density and viscosity of the hypergolic propellants.

Phase II tests will be conducted with prototype propellant system components

and engines, while phase HI tests will use qualified components and engines.

Actual hypergolic propellants will he used during ph_sc II and phase HI

propellant system and engine firing tests.

A preliminary system configuration (composed of prototype propellant

system components and engines)will be fabricated to support B-14, airframe
006, and airframe 008.

t_ The spacecraft launch configuration will be determined by the results
of the reaction engine development program, the propellant system component

development program, and the breadboard test program. The configuration,

which will include qualified propellant system components and engines, will
be installed in airframe 001, airframe 009, airframe 01 l, and all subsequent

operational spacecraft.

SERVICE PROPULSION SYSTEM DEVELOPMENT PLAN

The service propulsion system wiI1 be located in the service module

of the Apollo spacecraft and w._ll furnish the impulse for the earth orbital

missionretrograde, major midcoursevelocitycorrection, lunarorbit

injection, and ejection and post-atmospheric abort. (See Figure 72. )

- The engine will utilize earth-storable hypergolic propellants consisting

of nitrt_gen tetroxide (N204) as the oxidizer and a 50-50 blend of hydrazine
(NzH4) and unsymmetrical-dimethylhydrazine (UDMH) as the fuel. The

propellants wiU be pressure-fed to the engine by means of helium gas. The

engine will be of fixed thrust and will utilize a glmbal and a gimbal-actuator
system for thrust vector control.

Development of the service propulsion system is shown schematically
in Figure 73.
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The preliminary mission and design and performance requirements
for the Service Propulsion System, are defined in NAA/S&ID Specifications

SID 62-700-1 and .2. SID 52-700-I and -2 will provide a design basis for

studies to further define the mission profile, design criteria, and performance

requirements for the system. These studies will establish a basic system

configuration.

The service propulsion system will consist of a pressurized helium

storage and distribution systemj a fuel storage and distribution system, an
oxidizer storage and distribution system, and a single engine assembly.

The pressurized helium system will contain a dual helium tankage system,
helium fill valve, solenoid valves, pressure regulators, check valves, relief

valves, and vent valves. The fuel system will incorporate a dual fuel tankage

system and a fuel fill valve. The oxidizer system will be comprised of a dual
oxidizer tankage system, an oxidizer fill valve, and a propellant utilization

and quantity gauging system. The engine assembly will consist of a thrust

chamber assembly, propellant valve system, gimbal, gimbal actuator system,

engine mour_t, and instrumentation. :

A basic configuration for the service propulsion system is determined,

preparation of the rocket engine specification will begin and a subcontractor
will be selected. A preliminary test fixture test plan and design of the F-I,

F-Z and F-3 test fixtures will be prepared, test fixture fabrication and

system development tests will beginj and a comprehensive analysis of the

system configuration will be completed. In some instances these phases
will be parallel to and interdependent of each other. Results obtained from .

the system analysis and system development tests will provide guidelines
for detailed system design and finalization of the test _ixture test plan.

Propellant system component requirements, dictated by the system design,
also will be defined in component procurement specifications.

The rocket engine will be designed and tested by a subcontractor. The

tests wiU be conducted for engine development, reliability development, and

qualification. Testing will be done at ground level and under simulated
altitude conditions at Arnold Engineering Development Center. At specific

stages in the engine developme_it _nd qualification program the subcontractor _
will supply engines to support the test fixture test program, house spacecraft

program, and various environmental, static test and flight spacecraft pro-

grams. Propellant system components will be designed, tested, and supplied
in the same manner by contracted suppliers.

In order to begin test fixture testing at the earliest possible date,

readily available off-the-shelf propellant system components will be procured
for installation on the F-l, F-2j and F-3 test fixtures. As the development

program progresses, the test fixtures will be updated with qualified com-

ponents as these items become available.
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The F-I test fixture will he utilized for engine reliability development

and qualification testing. The F-2 test fixture will be used for in-house

propulsion system qualification tests and also as a back-up test system for
airframe 001. The F-3 test fixture will be used for propellant system

development tests prior to engine qualification tests under simulated altitude
conditions. With the exception of the F-3 propellant system development

tests the actual hypergolic propellants will be used for all test fixture

operations, including engine firing tests. F-3 propellant system develop-
ment tests wiU employ water or suitable nontoxic, nonflammable fluids
which will simulate the density and viscosity of the hypergolic propellants.

A preliminary system configuration will support B-14, airf'rame 006,
and airframe 008. This preliminary _ystem will be composed of prototype

propellant system components and a simulated engine.

Results of the rocket engine development program, propellant system

component development program, "and the test fixture test program will
determine the spacecraft launch configuration. The launch configuration,

which will include qualified propellant system components and a qualified

engine, will be installed in airframe 001, airframe 009, airframe 01!, and
all subsequent operational spacecraft.

_O LAUNCH ESCAPE MOTORS DEVELOPMENT PLAN
The launch escape system will contain three solid propellant motors, .

launch escape motor, tower jettison motor, and the pitch control motor.

The launch escape motor will be mounted on the launch escape tower

of the Apollo command module. It will be used to separate the Apollo
command module from the service module in an abort sequence.

The tower jettison motor will be mounted on top of the Apollo launch )i:

escape motor. Under normal conditions the jettison motor will separate the
launch escape tower from the command module after ignition of the second

stage booster. In an emergency operation (after the launch escape motor

has separated the command module from the service module), the tower

jettison motor will separate the launch escape tower from the command
module under launch pad, maximum dynamic pressure, and maximum alti- _:_
tude abort conditions.

The pitch control motor will be located between the tower jettison
motor and the nose cone. After the ignition of the launch escape motor (in

an abort sequence), the pitch control motor wiU ignite and place the vehicle

in the correct flight altitude for a successful escape.
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The launch escape motor is 185.63 inches in length and 26.0 inches in

diameter. It is equipped with four nozzles, canted at 35 degrees from the

motor centerline. Unequal nozzle throat sizes will provide a thrust offset of
2 degrees 45 minutes from the motor centerline.

The launch escape motor propellant consists of a polysulfide ammonium
perchlorate grain with an eight-point star design[

The propellant grain is designed to meet a 120,000-pound thrust level at

20 F and 36,000 feet elevation. This thrust level has a growth potential to
150,000 pounds.

The tower jettison motor is 55 inches in length and 26 inches in diameter.

It contains two scarfed nozzles canted at 30 degrees from the motor centerline.

The scarfed nozzle is required for the nozzle exit cone to fit the mold line of

the interstage structure, which is located between the tower jettison motor and

the launch escape motor. Unequal nozzle throat sizes will provide a thrust
offset of 2. degrees 30 minutes fron_ the motor centerline.

The propellant consists of a polysulfide ammonium perchlorate grain

with a 10=point star design. The propellant grain is designed to meet a
31,500-pound thrust level at 20 F, sea level.

The pitch control motor is _2 inches in length and 8.79 inches in

diameter and contains one nozzle centered along the motor centerline. The

propellant consists of a polysulflde ammonium perchlorate grain with a

14-point star design. The motor is designed to meet a 5500-pound thrust
level at 20 F, sea level.

Development t,_sting of the launch escape, tower jettison, and the pitch
control motors will verify the design of the rocket motors anddetermine

optimum performance and selection of components. (See Figure 74. )

The development program will combine development and conventional

preliminary flight-rating tests in order to provide extensive reliability data.
AU tests will be performed by the subcontractors at their own static test

facilities. The development program will consist of 17, 23, and 28development
motors for the launch escape, tower jettison, and pitch control motors.

Initial static rounds will be temperature conditioned and fired to verify motor

design and ba11istic performance. Environmental treatments, increasingly

severe in nature, will be applied to the remaining motors before static testing.

Following completion of the development programs, motor designs will

be finalized and the motors w111 enter a qualification program. Objective of

the qualification programs is to qualify the launch escape, tower jettison, and
pitch control motors for man-rated flight. The rocket motors will be static
tested under single and combined environments at the subcontractors _
facilities,
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ENVIRONMENTAL CONTROL SYSTEM

Introduction

The complete environmental control system for Project Apollo consists

of the environmental control system proper (ECS), the cryogenic storage

system (CSS), and the waste management system (WMS). The CSS will

furnish oxygen to the ECS; the w.CS will process this oxygen and supply it to

the cabin and crew. The ECS will also receive waste gases from the _MS,

process it, and provide a return flow of purified air to ventilate the

food, wastes, and personal equipment storage compartments.

Environmental ContrOl Sy6tem Description (F,igure 75) ......

The environmental control system (ECS) will be designed to provide

the necessary environmental require-nents in the spacecraft for earth

orbital and earth-to-moon missions. The function of the system will be

as follows: the ECS will provide a control of the flow, pressure,
temperature, and composition of the gases for command module shirtsleeve

atmosphere. Also, these gases will be utilized in the operation of the

three pres.sure suit-_ used by the crewmen during the escape and entry

p phases, and during emergency conditions. The system will provide thermal _:control of the equipment used in the command and service module, where

required. Facilities will be provided for charging the back-packs, which _

are used for lunar exploration in connection with the lunar orbital rendezvous

(LOR) or emergency conditions. Also provided will be a water supply system

to be used for crew water consumption and emergency or supplementary
heat transfer operations.

The ECS will have a number of functions. Carbon dioxide and various

odors will be removed by lithium hydroxide and activated charcoal. The

atmospheric makeup gas will be supplied from supercritically-stored oxygen:
Equipment and cre.w heat loads will be rejected to space through a radiator,

and emergency or supplementary cooling will be provided by evaporating
water. A command module nominal ambient pressure of 5.0 psia will be

maintained during normal system operation and 14. 7 psia (ambient) during
ground operation; a suit pressure of 3.5 psia will be maintained if cabin

pressure is lost.

Subsystem Functions

The functions of the subsystems are described in the following
paragraphs.

D
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Pressure Suit Circuit Subsystem

The purpose of the pressure suit circuit is to automatically control the

flow, pressure, temperature, and composition of the pressure-suit gas. This

system, in conjunction with the command module pressure and temperature

control subsystems, will also control these environmental conditions in the

command module when any or all the crew are out of their pressure suits.

These functions will be provided by a water separator, a regenerative

heat exchanger, oxygen demand regulators, a debris trap, air compressors,

CO 2 and odor absorbers, and an air cooler. Component redundancies will be

provided as required to obtain the necessary reliabilityfor the Apollo
missions.

Water-Glycol Coolant Subsystem

The water-glycol coolant subsystem is basically a closed intermediate

heat-transfer loop which permits heat to be transferred from the space vehicle

interior to the space radiators. A primary purpose of this subsystem is to

provide cooling for the crew and the electronic equipment. This function

will be accomplished by pumps, coldplates, heat exchangers, valves, and

controls as required.
)

Command Module Pressure and Temperature Control Subsystem

The primary purpose of this subsystem is to automatically maintain

the pressure and temperature of the command module interior within

prescribed limits. This function will be accomplished in conjunction with

the pressure-suit circuit subsystem by means of regulated oxygen inflow,

recirculation blowers, a heat exchanger, a temperature control and sensor,

command module pressure relief valve, and various other valves and
controls.

Oxygen Supply Subsystem

The oxygen supply subsystem consists of the normal oxygen supply

system and the reentry oxygen supply system.

The normal oxygen supply system is capable of supplying all of the

required oxygen for the entire mission up to the reentry phase. The system

functions by reducing the pressure of the space vehicle oxygen supply system
to the nominal working pressure required by the suit circuit, coolant reser-

voir potable water tank, and water separator pump pressure controls. This

function will be performed by suitable pressure regulators, demand

regulators, and shutoff and check valves. This system will also provide for
the recharging of the back-packs in the command modulo.
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The reentry oxygen supply system will supply the oxygen required for

mission completion after separation of the service module from the command

module. This systerfi will store gaseous oxygen at a high pressure. Durin_

system operation, the high pressure will be reduced to the nominal workin_

pressure of the various suit circuit pressure controls. This function will be

accomplished by oxygen storage tanks, pressure regulators, and valves.

Water Supply Subsystem

The water supply subsystem will provide water for emergency heat

transfer operatk>n in the event of malfunctlon of the water-glycol heat

transfer loop. supplementary' heat transfer during orbital mission modes,

and potable hot and cold water for consumption by the crew members.

Potable water will be stored prior to take-off and will be replenished from

the fuel cells. These functions will be accomplished by utiliz;.n_ watt.r tanks.

pressure controls, and valves as required. This subsystem will also

provide for Freon cooling during launch and boost.

Cryogenic Storage System Description (Figure 76)

The cryogenic storage system (CSS) will be composed of two

subsystems_oxygen and hydrogen. Each subsystem will consist of two tanks

and interconnecting plumbing. Oxygen will be used for the spacec raft cabin

D and pressure-suit atmosphere, while oxygen and hydrogen will be supl_lied

for fuel-ceU operation.

An internal electric heater will be required for each tank to maintain

operating pressure above the critical pressure of the fluid. The fill and vent
valves will be of the quick-disconnect type. Relief valves for each tank wil;.

consist of one valve for high pressure and high flow in direct connection with

the tank, and one valve for low pressure and low flow located between the

check valve and the system shutoff valve, The shutoff valves will control the

flow and routing of the operating medium. The quantity will be measured by

a platinum resistor, and the pressure will be monitored by a pressure
transducer.

Waste Management System Description (Figure 77)

The waste management system (WMS) is designed to remove the

gaseous, solid, and liquid wastes from within the command module of the

Apollo. The system will remove objectionable odors from the food, refuse,

and personal equipment storage compartments. Wastes. in the form of
fecal odors, urine, particulate matter, food and water spillage, and results

of unanticipated bodily functions, will be removed by a vacuum cleaner,

urine disposal system, and fecal odor lines. The resultant gaseous wastes

@ will be transferred to the ECS for further processing. These functions willbe accomplished by a blower, switch, flexible lines, urine separator,
chemical tank. and valves.
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Figure 76. Cryogenic Storage Tank
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Development Plan

The project scope includes study, design, and development of the
system; liaison between NASA and the subcontractor; supervision of
manufacture and assembly; approval of required documentation; establishment
of a program of tests and test observation; and an analysis of collected data

for reliability. The CSS and a large portion of the ECS are each being
developed by a subcontractor: components of the WMS are being prepared for
submittal for bids. Certain other parts of the system, such as electronic

component cold plates and the space radiators, are being designed and
developed by S&ID.

Studies

Studies are constantly being conducted to provide optimum solutions to
problems tt ,.t may arise during performance of tasks assigned to the
s ubcont ra cto r.

Design and Development

The detailed requirements of the system are established by S&ID. Two

O major components of the system are designed and developed in-house; these
components are the ECS space radiators and the electronic component cold
plates. The CSS is subcontracted to Beech Aircraft. The remaining, and
largest, portion of the CSS is subcontracted to AiResearch Manufacturing
Company. This subcontractor also produces most of the bench maintenance

items of GSE which are associated with the ECS. These two major sub-
: contractors are under the technic.al direction of Apollo Engineering, and they

perform all development and qualification testing of their portions of the
system. The installation of the system in the vehicle is designed and
coordinated by Apollo Engineering.

Manufacturing

The quality of all equipment manufactured by the subcontractor is
controlled in compliance with a quality control program established by S&ID.

Program Control

Since the Apollo program is an advancbd space and development
project, all specified tasks may vary in significance as the program

progresses. For this reason, changes will occur occasionally, requiring
the initiation, curtailment, or termination of tasks, A reliability
program is implemented to ensure compliance with mission reliability
and safety requirements.
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Doc umentation

StaID authorizes and approves the required documentation prepared and

submitted by the subcontractors in accordance with delivery schedules, •type,
classification, and quantities specified in the ECS Work Statement. The

required documentation is generally of the types and classification as that

-which NASA requires of S&ID.

Requirements

The design and performance requ£rements of the ECS are as follows:

I. The subsystems will meet the prescribed performance parameters.

2. All components wilI be subjected to the fullenvironmental

conditions to determine deficiencies in design and fabrication.

S. All components will operate at their design ambient operating
pressures.

4. A separate set of components will be cycled or operated to
determine the unit_s wear-out characteristics.

5. Cycling wiU be performed under the most severe conditions under

which the unlt may expect to operate.

Problem Areas

A program for anticipating and identifying problem areas parallels

design and development. By this means, problems may be resolved or

introduced in phase with the program. Design studies of problem areas

include those generated by NASA, as well as those developed internally.

The objective of these studies is to increase system reliabilityand reduce

_:_ hardware weight, volume, and cost. Some of the areas investigated are
as follows:

I. Evaluation of component backup and alternate fanctions

Z. Multiple use of common components

3. Simplification of controls

4. Conservation of power ,\

5. IntegratiolT. with other systems

6. Advantage of changing performance requirements _\_i,\J., :
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7. Minimization of weight

Results of some of the investigations which have already been carried
out are:

1. Water separator. A study of an alternate separator design has

resulted in the development of the wick-type separator. This

unit has been accepted and is now included in the ECS.

2. Atmosphere. The 5.0 psia, I00 percent oxygen atmosphere has

been substituted for the originally proposed 7.0 psia mixture of

oxygen and nitrogen.

3. Catalytic burner. The feasibility of completely eliminating the

catalytic burner has been studied, with the result that this

component has now been deleted from the system.

4. Snorkel. The decision to use cabin vent valves instead of snorkels

has eliminated the need for a snorkel improvement study.

5. Water glycol. Water glycol was selected over other coolant
fluids tested.

Specific problem areas that will require continued investigation are
as follows:

I. Space radiator. Trade-offs of radiator effectiveness versus

weight and complexity
,\

2. Water glycol. Investigation of more effective water-glycol .
m ixture s

3. Back-packs. Studies of back-pack charging techniques, cryogenic

or gaseous

4. Material breakdown. Studies of a breakdown of materials within

the module that may produce _oxic gases under extreme

temperatures or low pressures

5. Radiation protection. Further investigation of the dangers of

radiation and methods of protection

6. Lithium hydroxide. A consideration of media other than

lithium hydroxide to remove COz

7. Press,are suits. A continued study of required flow rates based

on the metabolic processes within the pressure suits
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O 8. LEM cooling. The feasibility of storing and transferring urine

and water to the lunar excursion module (LEM) for coolin5

requirements

9. LEM pressurization. Methods of pressurization of LEM for
lunar mission

I0. Radiation shielding. The storage and t_seof water, urine, and

other fluids for radiation shielding

11. Cryogenic gas tank insulation. Methods of maintaining heat leaks

in tank wails at an acceptable level

12. Cryogenic fluid temperature. Limitations on accuracy of

instrumentation due to stratificationduring zero-g condition

13. Sensing.

14. Tank wall resistance to noise. Effects of acoustics on outer shell

of cryogenic tanks

15. Cabin pressure versus ambient pressure. Methods of'maintaining
required cabin pressure schedule due to the variation of ambient /J

pressures during boost and reentry

Subsystem Compatibility ",: _ _-

A complete system will be assembled and operated under all modes of

the mission profile in order to ascertain the compatibility of the subsystems.

This system will be installed in a geometric mock-up of the mission module,

with all of its associated plumbing and environmental conditions.

Testing

Development, qualification, and reliability tests are performed on all

systems, subsystems, and components. Designs are modified to correct

any deficiencies manifested during the tests. Tests are then repeated, after

modification of design, to ensure compliance with the applicable specifications.

Compatibility and evaluation testing will be conducted on boilerplate 14,
house _gacecraft No. I. System performance and compatibility tests will be

conducted on airframe 000, house spacecraft No. 2. Environmental proof

tests verifying the design adequacy under simulated mission environments

will be performed on airframe 008. Initialflightperformance will be

O conducted on the first manned recoverable spacecraft airframe 009 and 'flight
• performance verification on the manned orbital spacecraft airframe 011.
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O Subcontractor Mile stone Schedule s
The subcontractor milestone development schedules are shown in

Figures 78 and 79. The WMS schedules are not included, since supplier
selection is in the initial stages. The WMS equipment will be procured by

components and will consist of one or more suppliers.

ELECTRICAL POWER SYSTEM

System Description

The primary power source for the Apollo spacecraft will he a fuel cell

system. The fuel cell system will consist of three fuel cell modules, plus

the following mechanical and electrical accessories: reactant tankage_

piping, controls and radiator.

Each fuel ceil module will consist of a battery of non-regenerative

hydrogen-oxygen fuel cells connected in series. The fuel ceils will be

low-pressure, intermediate-temperature, Bacon type, using potassium

hydroxide electrolyte.

Each reactant will be stored in the supercritical cryogenic state in

two tanks of equal volume.

A space radiator system will be designed to be capable ol operation in

deep space, earth and lunar orbits. Condensed water will be separated and

supplied to the environmental control system in potable form.

Additional electrical power will be provided by three silver-zinc

storage batteries. Two of these batteries will supply all power during entry

snd recovery flight phases, as well as supplen_ntary power during peak-load

periods on the fuel cell system. The third battery will be isolated from the

electrical power system and will supply only post-landing loads.

All fuel cell modules and both entry batteries will be connected to a

dual, redundant, essential bus system supplying all essential loads
redundantly, so that power to all essential systems will be maintained

in the event of failure of one or two fuel cell modules, one entry battery, or

one essential bus. Non-essential loads wiU be connected to a separate bus,

which can be disconnected from the essential bus in the event of failure of

two fuel cells or one entry battery. (Essential loads are defined as those

"essential to safety of flight, and non-essential loads as those necessary to

successful completion of mission. )

Circuit protection for the power distribution system will be provided

by a system of circuit breakers and diodes so that power will not be

interrupted to any single essential load due to short circuits in the power

source, feeder circuit, or either essential bus.
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Figure 79. Beech Program Milestones (Completion Dates)
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D
Three static inverters will supply 400 cps, three-phase ac power.

One inverter only will operate, with the other two acting as standby units.

One battery charger will be provided to recharge, prior to earth

reentry, any of the three batteries after normal or emergency

discharge.

Two independent sequencing systems will be provided to control the

sequential operation of the pyrotechnic and related systems for abort and

separation operations. A block diagram of the electrical system is shown
in Figure 81.

Development Approach

Development, design verification, evaluation, and qualification

testing of electrical power system compone, its, subsystems, and systems

will be performed by S&ID and various subcontractors. A test program of

functional and environmental tests at each level will be designed to provide

; reliable hardware and systems. See Figure 80 for a block diagram of the

development plan.

10 Fuel Cell Subsystem-Subcontractor Tests

The fuel cell subcontractor will perform the following development

and qualification tests on the fuel cell components and system:

I. Major component development tests

a. Development experiments to determine manufacturing

processes and performance parameters will be performed

on single cells, pumps, regulators, and control valves.

b, Application suitabilityand design qualification tests wiU be

performed on all major components and major modules.

c. Accelerated lifetests will be performed on critical modules

and components such as single cells, pumps, regulators,
and valves.

Z. Fuel cell module testing

The concept of a system composed of three independent modules

allows most development and test work to be done on modules, rather than
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_i_ on complete fuel cell systems. Modules _ill be operated independently
for the qualification tests.

During development, active experimental modules and systems will be
utilized in tests to demonstrate performance, compatibility with vehicle

, equipment, and durability under simulated environments. Final formal

qualification and reliability tests will be made with prototype production
modules in which all improvements will be incorporated.

S&ID Fuel Cell Subsystem Tests

Certain S&ID fuel cell subsystem tests will be redundant with those

performed by the subcontractor, but most tests will augment the
subcontractor 's program with evaluation and performance verificatton to
thoroughly explore systems interface problems. The S&ID fuel cell
subsystem tests will cqmhine the following subsystems for the f;-rst time
and test them for performance and compatibility:

1. Subcontractor's fuel cell modules

Z. Radiator system

O 3. Reactant tankage and control system

4. Environmental control system

5. Electrical power distribution and control subsystem

Test objectives 'will be:

1. To obtain reactant consumption, pressure, temperatures, and water
generation data on fuel ceils

2. To assess the performance of heat exchangers, water separators,
and other mechanical accessories

3. To assess thermal vacuum performance of fuel cell radiators with
fuel cells

4. To determine minimum, maximum, transient, and specific power
output and load sharing characteristics of the fuel cell powersystem

- 291 -

": SID 62=Z23

i' If In " _I I I II I " ''II iF I "[ I I I" II IIIIIIII -- i •



NORTH AMERICAN AVIATION,
INC.. _(_/ SPACEand INFORMATION SYSTEMS DIVISION

5. To determine steady-state and transient voltage response of the
complete system

6. To determine off-design performance, such as

a. Short-circuit conditions and system protective interaction

b. Radiator damage effects

c. Leak detection in reactant tanks and lines

Electrical Power Distribution Subsystem

Major Equipment

S_,ID will perform evaluation tests to determine the optimum technical

approach and component types for static inverters, batteries, battery

chargers, lighting systems, sequencers, and pyrotechnic systems. Sub-
contracts to equipment suppliers will specify development, qualification, and

reliability tests for performance and environmental conditions to qualify

equipment to the system level. These tests will be performed by the
subcontractor before delivery of prototype equipment.

Components and Materials ":

S&ID will perform evaluation tests to determine optimum materials,

manufacturing techniques, and technical approaches for wire, connectors,

circuit breakers, relays, timing devices, diodes, and other components
and materials to be used in the Apollo electrical power system. Material

and component specifications will specify the necessary qualification and
reliability testing to be performed by the supplier.

Electrical Power Distribution Subsystem Testing

S&ID wiU first assemble prototype components and equipment
into a complete breadboard electrical power distribution subsystem,

which will electrically duplicate the final spacecraft system.

Electrical loads will be simulated by load banks where necessary -:
and by actual equipment_where practical. Initially, storage batteries will
be used to duplicate the fuel cell subsystem power source. After the

breadboard and prototype fuel cell systems are delivered, they will be used

with the power distribution subsystem to test the entire electrical power

system performance, as described above, under fuel cell system testing.
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0 Electric Power Flight Teeting

Performance characteristics of the sequencer and pyrotechnic devices

will be evaluated in pad abort (boilerplate 6 and airframe 10) and airborne

abort tests (boilerplates 12, 22, 23, and airframe 2). The compatibility of
the electric power system with the utilizing systems will be evaluated and

characteristics determined on boilerplate 14 (house spacecraft l) and

airframe 6 (house spacecraft 2). In addition, preliminary performance data

will be obtained from breadboard tests conducted in the laboratory test

facility. Dynamic and environmental effects will be determined on airframes

l and 8; propulsion and environmental spacecraft, respectively. Flight

testing will occur on airframes 9 and 11 to qualify the electric power
system.

COMMUNICATIONS SUBSYSTEM

Objectives

The communications subsystem will be designed to provide the
following capabilities:

1. Convert optical data to electrical signals through the use of
TV equipment

2. Condition electrical signals to a common level to allow convenient
display, recording, and t'ransmission

3. Provide stable frequencies for synchronization of time-dependenl

spacecraft subsystems and equipment, e_cept for the guidance am".
navigation subsystem, and.provide a time reference for all time-

, dependent spacecraft operations

4. Assemble and encode in suitable form for transmission, the dat:t

required by the Mission Control Center during spacecraft mis_ .... _

5. Store for future read-out that data which cannot be transmitte !
to the ground in real time

f

6. Provide for voice communication between crew members an,:

provide for the transfer of audio signals to and from transm;t,ers
and receivers

7. Provide omnidirectional and high-gain antennas as required to
transmit and receive electromagnetic signals.
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O 8. Transmit voice, telemetry, stored-data, and TV signals to theground operational support stations

9. Provide for two-way voice communication with the lunar excursion

module (LEM) and with the crew during extra-vehicular activities
of the crew

10. Receive and demodulate voice transmissions from the ground

operational support stations

11. Provide for reception of limited biomedical data from the crew

during extra-vehicular activities and from the LEM when in
transit to and from the lunar surface

12. Receive and transmit in phase coherence a DSIF-type signal to

enable the ground operational support stations to track the

spacecraft in angle, velocity, and range

13. Receive and respond to interrogating radar signals

14. Provide electronic recovery aids in the location and recovery

of the spacecraft following entry

Development Plan

The S&ID project scope of the Apollo communications subsystem will

include the study, design, and development of the subsystem, the liaison
between NASA and the subcontractors, the supervision of manufacturing

and _ssembling, the approval of required documentation, the establishment

of a program of tests and test observation, and the analysis of collected

data for reliability. (See Figure 82. )

In addition to the design of the subsystem, S&ID will assume the

responsibility of directing this project to its successful completion. While

a large portion of the subsystem will be developed or procured by a major
subcontractor, the remaining equipment such as spacecraft central

timing equipment, and the major portion of the antenna equipment will be

procured from other subcontractors.

Design Analysis and Optimization

S&ID with support from the major subcontractor will conduct studies

to determine the optimum subsystem configuration and the resulting

equipment requirements. Studies will be conducted as necessary by S&ID

to provide optimum solutions to problems that may arise in the subsystem

during the Apollo program.
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Design and Development

Using the equipment requirements generated from the studies and from
NASA inputs, specifications will be prepared for the procurement of the

equipment. These specifications will be submitted by S&ID or by the major

subcontractor to prospective subcontractors for bids, with the exception of
those specifications on the equipment which NASA and S&ID agree should be

manufactured by the major subcontractor. After the subcontractors have

been selected, the development program will begin with the design and

development of breadboards. As soon as breadboard development has
progressed to a point that ensures basic performance requirements, the
development of prototype equipment will be initiated.

The design avd qualification of the communications subsystem will be
based upon the following:

I. The subsystem will meet the required performance parameters.

2. All equipment will be subjected to a level of environmental

conditions required to determine deficiencies in design and
fabrication.

3. A separate set of components will be cycled or operated to
determine the reliability characteristics.

4. Cycling will be performed under programmed environmental

conditions consistent with mission requirements.

Each subcontractor will be responsible for the design and development
of ground support ettuipmen t for the equipment that they supply, but the

equipment must be approved by SKID. The design of this equipment must :i!
be compatible with the designs of the spacecraft and the ground support
equipment of the Apollo project.

Manufacturing

The quality of all equipment manufactured by the subcontractors is

controlled by the quality control program established by SKID.

Since the Apollo project is an advanced space and development

project, all specified tasks may vary in significance as the program

progresses. It will be a responsibility of S&ID to make the appropriate
decisions when it becomes apparent that th __ initiation, curtailment, or

termination of a task is required. A reliability program will be implemented
to ensure mission reliability and safety requirements.
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Documentation

S&ID will authorize and approve the required documentation prepared

and submitted by the subcontractors.

Types of Equipment

The communications subsystem will consist of equipment described

in the following paragraphs,

1. VHF/FM transmitter equipment. The VHF/FM transmitter
equipment will be used for transmission of telemetry during

near-earth phases of the missions.

2. VHF/AM transmitter-receiver, equipment. The VHF/AM
transmitter-receiver will be used for two-way voice

communications between spacecraft and earth during earth-orbital

missions and near-earth phases of lunar missions, between

spacecraft and the LEM, between spacecraft and the belt-pack
transceiver, and between spacecraft and rescue aircraft. The

trans hitter-receiver will be capable of transmitting on one

frequency and receiving on either of two frequencies. A

capability of receiving biomedical data from the LEM or from

the belt-pack transceiver during e_tra.,vehicular activities of
the crew will be included. The transmitter-receiver operates
in the 260- to 300-me band.

3. DSIF transponder equipment. The DSIF transponder equipment
will provide for transmission of telemetry data and TV, pseudo-
:random noise (PRN) ranging, two-way voice, and coherent

doppler tracking during cislunar phases of the missions. During

near-earth phases of the missions, it can provide the same

operation when within line-of-sight of suitably equipped ground

stations. A 100 percent spare transponder will be provided.

4. C-band transponder equipment. The C-band transponder will be
used for radar tracking during the near-earth phases of the

mission and will be compatible with the AN/FPS-16 radar system.

5. VHF recovery beacon equipment. The VHF recovery beacon wilt

be used to aid rescue aircraft in locating the spacecraft during the

post-landing phase of the mission and wil| be compatible with the
radio direction finding systems presently available.
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IO 0. I-IFtransceiver equipment. The HF transceiver will be used to

aid rescue forces in localizing the spacecraft dur'ng the post-landing
phase Of the mission to an area within which the VHF radio

direction-finding equipment can operate and locate the spacecraft.

7. Beacon antenna equipment. The beacon antenna equipment will be

used with the C-band transponder for near-earth radar tracking,

8. VHF/Z-KMC omni=ante_ma equipment. The VHF/2-kmc omni-

antenna will consist of a vHF omni-antenna capable of broadband

operation to be used for all VHF functions from lift-offto the

recovery phase, and a 2-kmc omni-antenna to be used with the

DSIF transponder for near-earth operation or for emergency
cislunar operation. The VHF/2-kmc omni-antenna will be

jettisoned prior to the drogue parachute deployment.

9. VFIF recovery antenna equipment. A VHF recovery antenna will

be provided for all VHF functions from recovery through the

post-landing phase. It will be automatically extended after the
main parachute is deployed.

10. Back-up VHF recovery antenna equipment, A back-up VHF

recovery antenna will be provided for all VHF functions during

the post-landing phase in the event that the VHF recovery antenna
should be damaged during the landing. It can be extended after
the landing has been completed.

11. HF recovery antenna equipment. The HF recovery antenna will

be used with the H]_ transceiver during the post-landing phase.
It will be extended after the landing has been completed.

12. 2-KMC high gain antenna equipment The 2-kmc high-gain antenna

will be used with the DSIF transponder. Th_ antenna will normally _:_,
be stored in the service module and will be extended during

cislunar communication operations. The antenna will be provided
with gimbal drives which permit rotation of the antenna for
hemispherical coverage.

13. Radome equipment. A radome will be provided to cover the
VI-IF/2-kmc omni-antenna.

O
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14. R&D antenna equipment. The following R&D antenna equipment
will be provided on certain boilerplate and prototype spacecraft

for use with NASA furnished R&D instrumentation equipment:

R&D beacon antenna equipment

R&D telemetry antenna equipment

R&D VHF omni-antenna equipment

15. Intercommunication equipment. The intercommunication
equipment will provide the crew with intercommunication in

both pressure-suit and shirt-sleeve environments, and will

permit flexibility of voice communication over the various
spacecraft transmitters and receivers.

16. Television equipment. A televison camera will be used to provide

real time video information for transmission to the ground
operational support stations. Video information will be transmitted

to earth via the DSIF transponder for observation of the crew and

flight operations. The camera will be portable.

17. Signal conditionin_ equipment. Signal conditioning equipment will
be used where required to condition signals to a standard level

and form before commutation in the telemetry equipment.

18. Telemetry equipment. The telemetry equipment will process
spacecraft data into forms suitable for transmission to earth.

Conditioned analog data will be commutated and digitized. This
information and other digital data will be coded into PCM format

and transmitted to earth during cislunar phases via the DSIF

transponder. During near-earth phases of all missions, data
will normally be transmitted over the VHF/F1vl transmitter.

19. Premodulation processing equipment. Premodulation processing
equipment will be provided to process and combine the outputs of

the intercommunication, data storage, television, and telemetry
equipment for the various modes of modulating the rf equipment.

20. Data storage equipment. A magnetic tape recorder will be provided
for onboard storage and playback of analog and digital data. Data

can be stored during critical periods and during communication
blackouts and played back later for transmissio._ to earth, or data

can be stored for playback after of the Eraserecovery spacecraft.
capability is also provided.

.7.99 .
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21. Spacecraft central timing equipment. Spacecraft central timing
equipment will be used to provide a time reference for the

electrical power subsystem, telemetry equipment, data storage

equipment, television equipment, and photographic cameras and

to present time information to the crew. This equipment will
be synchronized to the guidance and navigation subsystem.

Problem Areas

A number of problem areas are anticipated in the communications

subsystem and these have been incorporated in the study program to be

conducted by S&ID. New problems will be phased into the study program

as they arise. The problem areas that affect the subsystem configuration
or equipment design and development will be given special consideration.

The major problem areas as now envisioned are listed below.

Equipment or Area Problem

Reentry blackout effects Determination of the characteristics of

the reentry ionization effects and feasi-

bility of plasma sheath tracking.

I Frequency The large number of rf links requiredallo cation_

for the launch vehicle may cause

problems such as interference, multi-

plexer design problems, and difficulty

in obtaining the desired frequency

assignments for the spacecraft.

Interface with LEM Assurance of adequate GOSS coverage

during the transfer of the LEM to the

docking position after translunar
injection. Possible effect of the method

of LEM transfer and docking upon the

ability to deploy the 2-kmc high gain
antenna.

Effect of docked LEM upon thepatterns
of the VHF omni-antenna and the 2°kmc
omni-antenna.

Modulation techniques Determination of efficient and practical
modulation methods to be used with {he

rf equipment in the different modes of
information transfer. Perform trade-

offs of power, complexity, reliability,

weight.
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IO Equipment or Area Problem

Telemetry Implementation of the spacecraft
prelaunch automatic checkout equipment
(SPACE) checkout approach wilt cause

changes in the telemetry equipment

requirements.

Reliability Determination of thp reliability
• characteristics and demonstration that

the apportioned reliability has been
achieved within the limitations of cost
and schedule.

In addition to the above problem areas, each piece of equipment will be

subjected to a design study program. The final objective of this program
is to increase subsystem reliability and reduce hardware weight and volume.

Subject matter will consist initially of the following:

1. Evaluation of equipment back-up and alternate functions

2. Multiple use of common components

3. Simplification of controls

4. Conservation of power

5. Integration with other subsystems

INSTRUMENTATION

Obj ectives

The objectives of the instrumentation subsystem wilt include the

folIowing:

Sense and convert to electrical signals those physical parameters 7

which must be displayed, stored, or transmitted.

Condition electrical signals to a common level convenient for

display, storage, or transmission.

Provide adequate means for connecting electrical signals to

display, storage, and transmitting equipment.

Obtain photographic records of events occurring within or outside
the spacecraR.
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Types of Equipment

Sensor Equipment

The sensor equipment will sense various physical phenomena of the

spacecraft and its subsystems, convert them into electrical signals for

telemetry, data storage, and data d_splay for the crew.

Signal Conditioning Equipment

Signal conditioning equipment will convert electrical signals to a

standard levc_ and form prior to display, storage, or commutation in the

telemetry equipment.

Data Distribution Equipment

Distribution panels or other cross-connection devices will permit

connection of signal inputs to the proper signal conditioner input and permit

connection of signal conditioner outputs to the telemeter, the display, to
GSE, or the data storage equipment.

$

Photographic Equipment

Photographic equipment will consist of one 16 mm cine camera and one

still camera. Both cameras will operate inside and outside the spacecraft

and will be equipped with wide angle and telephoto lenses. A window with

characteristics compatible with the photographic requirements will be

provided.

" Radiation Detection Equipment

Radiation detection equipment will measure radiation rates and total \\

dosages of various types of particles. Data will be displayed for the crew J

and transmitted to earth for analysis.

Development Plan

Project scope of the Apollo instrumentation subsystem of the contractor

(S&ID) includes the analysis, de§ign, and development of the subsystem; the

liaison between NASA and the subcontractors, the supervision of manufacturing

and assembly; approval of required documentation; establishment of a

program of tests and test support, and an analysis of collected data for

reliability.

In addition to the design of the subsystem, the contractor will assume

the responsibility of directing this project to its successful completion,
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Design Analysis and Optimization

The contractor, with support from the major subcontractor, will analyze

the subsystem design to determine the optimum configuration and the resulting

equipment requirements. Necessary analyses will be performed by the

contractor to provide optimum solutions to subsystem problems arising

during the Apollo Program.

Design and Development xy

The contractor, upon request by subcontractors, will arrange for the

use of NASA or other government facilities where appropriate. The detailed

requirements will be established by the contractor and supported by NASA

and the subcontractors for the subsystem. Each subcontractor will be

responsible for design and development of GSE that they supply, but

equipment must be approved by the contractor. Design of this equipment

must be compatible with designs of the spacecraft and the ProjectApolloGSE.

The development program will begin with individual component per-

formance determinations. As soon as component development progresses

to a point that ensures basic performance requirements, the development of

the required equipment will begin. All equipment will be subjected to

environmental conditions to determine whether deficiencies in design and
fabrication exist.

Each piece of equipment will undergo a design analysis program. Final

objective of this program is to increase subsystem reliability and reduce

hardware weight and volume. Initialsubject matter will consist of the

following:

Evaluation of equipment back-up and alternate functions

Multiple use of common components

Simplification of controls

Conservation of power

Integration with other subsystems

Manufacturing

The quality of all equipment manufactured by the subcontractors is

:. contrOlled by the quality control program established by the prime
contractor.

I O
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IO Since the Apollo project is an advanced space and development project,

tasks may vary in significance as the program progresses. "It will be a

responsibility of the contractor to make appropriate decisions when it

becomes apparent that initiation, curtailment, or termination of a task is

required. A reliability program will be implemented to ensure mission

reliability and safety requirements.

Documentation

The contractor will authorize and approve the required documentation

prepared and submitted by the subcontractors in accordance with delivery

schedules, type classification,and quantities specified in the delivery
schedule.

Tests

Tests will be performed on the subsystem and on all equipment and

components. Designs will be modified to correct any deficiencies revealed

during the tests. Tests will be repeated after modification of design to

ensure compliance with applicable specifications.

The types of tests required are defined in the following paragraphs.

Development Tests

Development tests will support the design of the subsystem, equipment,
and components. These tests will be conducted under simulated, selected,
and critical in- service environments.

Qualification Tests

Qualification tests of the fully developed subsystem and components will

be performed to en_ure their compliance with instrumentation subsystem
requirements. The tests will be conducted under extended, simulated, and
actual mission environments.

Reliability Tests

Reliability tests will be performed to ensure that the subsystem,

equipment, and components will meet the high reliabilityrequirements of

the instrumentation subsystem. Reliability will be confined by a statistical

analysis, where required, using data collected from all tests, including

those conducted on a quantity of units under the reliabilitytesting plan.
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D
Quality Assurance Tests

Quality assurance tests to confirm nominal performance will be made

on the subsy'stem, equipment, and components prior to delivery from the
subcontractor to the contractor.

Compatibility Tests

A complete subsystem will be assembled and operated under all modes

of the mission profile to assure compatibility of the equipment. This

subsystem will be installed in a geometric mock-up of the spacecraft.

ELECTRONICS INTERFACES

Electronic Systems Installation

Controls and Displays

Main Display Console. Instruments are mounted on cold plates by using
thermal contact material and wedge and clamp latches. Horizontal and

vertical structural members carry loads from the cold plates to the forward

[0 bulkhead. The overall appearance resembles that of a rack and panelinstallation. Since the volume of the main display console is broken by the

permanently installed cold plates, conventional rear wiring harnesses
cannot be employed. Front wiring is installed immediately aft of the
structural members. Connectors are mounted on extensions of the subpanel

bezels and are mated manually to the center screw lock harness connectors.

In addition to conventional environmental tests, a rigorous testing

program is required to verify the compressible thermal contact rnaterial,

especially as it affects the design of the wedge and clamp latch.

Side Display Consoles. Hardware mounted on the side consoles consists

largely of conventional switches and circuit breakers and will not require cold

plate mounting. Conventional panel installation techniques are employed.

Lower Equipment Bay - Standard

Electronic systems units installed in the low_r equipment bay are
modular in construction and, for the most part, are standard in cross section.

The units are mounted on both sides of horizontal cold plates by wedge and

; clamp latches which compress the thermal contact material between the units
and the cold plates. Front wiring harnesses are installed immediately inboard

of the cold plates and structural members. Connectors are mounted on

extensions of the unit front panels and are mated manually to the center

screw lock connectors in the wirin_ panels.
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Conventional environmental tests and a rigorous testing program are

required for this equipment.

Lower Equipment Bay - Nonstandard

Nonstandard electronic units, belonging to both the guidance and

navigation and stabilization and control systems, require individ_,al mounting

techniques, although the cold plate-thermal contact material-latch technique

is employed wherever possible. Units are shaped to accept coolant lines
where the cold plates and compressible contact material are incompatible

with precision mounting or internal structure of the units.

In-Flight Test System

The in-flight test system is installed in the right-hand, forward
equipment bay. The data wiring, consisting of a center-core harness with

rack and panel connectors, is installed as part of the overall spacecraft

wiring and is located adjacent to the permanently installed structure and

cold plates. Rack and panel electronic units, including the in-flight test

system panel and manual test unit, are clamped to the cold plates.

Apollo Controls and Displays

Scope

The Apollo controls and displays subsystem presents information to

and accommodates control action inputs from the spacecraft crew for manual

initiation and supervision of vehicle maneuvers, event sequences, spacecraft

systems operation, and energy and condition management.

Obj e ctive s

Maximum use of the crewman within the control loop is a basic

requirement in Apollo control/display design. To accomplish this, the

controls and displays subsystem must provide the crewman with sufficient

information from the monitored spacecraft systems so he may evaluate
their performance and condition and recognize malfunctions. Whether the

systems are controlled automatically or manually, he must have sufficient

command access to the controlled spacecraft systems to effect manual

_ operation, override or use automatic control if required and, in event of

malfunction, to select alternate operating methods or to safely shutdown the
controlled system.

Both the Apollo vehicle and the Apollo mission depa=t significantly

from prior concepts. A major objective in development of the control/display
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system will be to suit the peculiarities of the Apollo mission and, at the same

time, maintain a minimum departure from equipment configuration and

operating procedures established in prior space vehicle programs.
0

System Requirements

The controls and displays subsystem rttust provide information and

command access to the following spacecraft systems:

I. Flight Control

Stabilization and control

Guidance and navigation

2. Propulsion

Command module and service module reaction control

Service propulsion •

3. Environmental/c ryogenic

; Environmental control

Cryogenic storage

4. Electrical Power

Fuel cells

Electrical distribution

Lighting

5. Crmmunications and instrumentation

Communications :

• Data handling

Television

Antennas

Central timing

6. Mission/Vehicle Support

Abort sequence control

Earth landing sequence control

Mission sequence control
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7. Special Instruments

Radiation warning

General event/condition indication

Visual information display

In- t_ight test

System General Description

The primary location of Apollo controls and displays is the spacecraft

main display console and adjacent side panels within the command module.
The crew couches, located immediately below the main display console,

accommodate demountable hand controllers for spacecraft maneuvering.

Viewing and control access to the optical measuring unit and automatic

t guidance equipment of the guidance and navigation system is provided at the
lower equipment bay in the command module.

Development Activities

Initial elements of the development plan include definition of crew tasks

(which involve interaction with the spacecraft controls and displays), definition

of the information/response requirements, and deduction therefrom of initial

control-display panel composition and arrangement.

Due to the uniqueness of the Apollo mission, there win be subsystem

requirements that have not occurred before and their feasibility will have to

be investigated.

Paralleling the investigation of mechanization feasibility and the develop-

ment of new control/display items will be a concurrent effort to select and

optimize component hardward for more conventional applications.

The first significant activity is to define the initial corr:position of

controls and displays in an arrangement known to be feasible, and which

will satisfy mission requirements.

The next major activity is the detailed definition of hardware, and will

• include preparation of component and subsystem element specifications for

procurement of mock-up., prototype, and flyable hardware.

Since many of the control/display equipment requirements will be new

and will have to meet specifications more severe than ever before, suppliers

are expected to require at least 1-I/2 years to deliver fully qualified

equipment. However, plans call for acceptance of partially qualified

equipment, which wilt be available about six months after order.



NORTH AMERICAN AVIATION, INC, '_/)" "" SPACEa_(I l._l._l¢_,ta'rloN s'_'STPMSl)l,'_s_o_

After the unqualified supplier hardware is tested, final specifications

wilt be prepared for each item of equipment and Will define specific tests to
be made by the supplier before delivery. A quality assurance program will

be carried out by each supplier as specified by S&ID.

The partially ttualified hardware (delivery will begin on it in the spring

of 1963) will be assigned to simulators, engineering development laboratories,

boilerplate house spacecraft, first trainers, propulsion spacecraft, and to

reliability, providing enough equipment for all parallel testing is delivered
on time. Meanwhile, suppliers will proceed on their own development

programs.

The foregoing tests may result in some major equipment changes, and
delivery of these changed instruments is expected to begin in the spring
of I964.

Constraints

Significant constraints expected _-o be encountered in display development

include provision for safe return of the vehicle by one man, pressuresuit _:_-
induced motion and vision constraints, and equipment environment which

ranges from vacuum to pure oxygen and from free fall to high-g with
vibration.

Problem Areas

Current problems requiring substantial investigation include (I) means

for providing information assuring safe rendezvous in the event of lunar

excursion module propulsion failure, (2) assurance of survival and safe

impact on entry, and (3) effective display integration to previde higher

intelligibility of information at a lower cost in weight, power, and volume.

Other general problem areas are integration o£ optics and displays;
volume, weight, and powe,- Conservation; instrument cooling in vacuum
environment, and maintainability.

In-Flight Te st System

The in-flight test system will provide automatic monitoring and manual

testing of the spacecraft systems. The present design allows for 400 system

test points to be monitored using a *'No-Go'* readout which informs the crew

of subsystem status. Diagnostic testing to isolate and maintain defective

subsystem modules is accomplished with a manual test unit which is

composed of an on-board oscilloscope and mete r.
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Basic specifications for purchase of the automatic monitoring subsystem

and the manual test unit are nearing engineering release. After a subcontractor

is selected, a pilot model o£ the in=flight test system is expected to be

completed by mid-1963. A fully qualified in-flight test system can be obtained

by rr,id-1964, which satisfies the early manned earth orbital spacecraft
schedule.

Present and future tasks include a system engineering approach to firm

up maintenance or trouble-shooting for each spacecraft system. This will

result in test procedures to be used when the in-flight test system is in

operation. These tasks will further define the test parameters to be

measured and corrective action to be taken in the use of on-board spares

and system adjustment procedures. Gross spacecraft checkout procedures,

associated with the spacecraft prelaunch automatic checkout equipment concept

and the telemetry information while in-flight, must be further integrated with

the in-flight test system into a logical checkout procedure.

A parallel effort that requires additional follow-up is the phasing of
microelectronics into the in-flight test system development. In this manner

the in-flight test system can realize a weight- and power-saving that can

become effective at the time of Apollo lunar mission assignment in early 1968.

- 310-

SID 62-223

); llil III lilt IIII ] IIII IIRIq II



'/_;i< \
NORTH AMERICAN AVIATION. INC. ,.,,,_///, sP,%CEa,dlI._FORM:&T|O-'_._%'H'I'EMHDI%'I._ION

GROUND SUPPORT EQUIPMENT_

GSE OB3ECTIVES

The primary objective of Apollo GSE is to provide equipment neces-

sary to checkout, service, and launch the Apollo spacecraft. The checkout

of the Apollo spacecraft will he an integrated systems checkout to utilize

and implement the NASA spacecraft prelaunch automatic checkout equipment
(SPACE) concept. All airframe checkout operations at Atlantic Missile

Range will be geared to the SPACE concept, and the equipment conceived

will follow the SPACE requirement for integrated flight and GSE hardware.

The "Apollo Test Plan" (SID 62-109) is the guideline for determining

the GSE required to support bdilerplate and airframe test vehicles. The

S&ID Apollo checkout concept and the NASA-SPACE concept provide the
direction for determining checkout requirements of the integrated space-

craft systems. The basic configuration of boilerplate and airframe test

articles will dictate requirements for handling-, storage-, and
transportation-type GSE. Close coordination between NASA, the S&ID

spacecraft systems design groups, and GSE will provide the interface con-

trol required for effective and timely determination of GSE requirements

and changes.

The integrated systems concepts will be analyzed to determine the
requirements for subcontractor-furnished GSE, GFP, and S&ID in-house

equipment. Close engineering ,:_anagement and techr_cal direction of

subcontractor's efforts will ensure that objectives, costs, and schedules
of the Apollo program are met.

REFERENCED DOCUMENTS

The documents referenced in the following paragraphs reflect the

basis followed in determining the requirements for GSE. This list of

references is basic and will be expanded periodically as concepts are
formulated and more information becomes available.

Government Documents (NASA)

Quality Assurance Provisions for Space Systems Components
(NCP Z00-Z)

• This section is for information purposes only and does not represent GSE as
defined in the IZ October 196Z firm cost proposal which did not include the
SPACE concept.
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Non-Government Documents (S&ID)

A_pollo Test Plan (SID 62-109)

Reliability Program Plan (SID 62-203)

PROGRAM PLAN

Determination of Requirements

Requirements will be determined for GSE based upon the integrated

systems concepts prepared by systems integration and containing mechani-

cal, electrical, electronic, fluid, and pneumatic spacecraft systems
parameters. Interface requirements, as weU as information to evalQate

integration of flight and GSE hardware, will be obtained from integrated

systems concepts. The GSE development plan (Figure 83) illustrates

the evolution of GSE from the concept development stage through manu-
facturing and logistics support.

For earl y boilerplate test articles, the basic spacecraft on-board

systems configuration wi]! ci'ctate the degree of sophistication required for
checkout. For later airframe vehicles to be tested at Atlantic Missile _

Range, SPACE wiU be employed with a manually operated, back-up checkout
system.

Handling, servicing, and auxiliary equipment requirements will be

determined concurrently with checkout requirements.

Establishment of requirements for checkout, handling, servicing, and
auxiliary equipment will lead to firm definitions of individual GSE items.

As checkout systems requirements and equipmen_ are determined, the

preparation of programs and methods for the SPACE computer will be

initiated. At the same time, evaluation and control of interfaces will begin
and progress concurrently with determination of requirements and definition

of individual GSE items. Close coordination with the spacecraft systems
design groups, associate and subcontractors, and NASA will be maintained to
achieve interface control.

Extensive investigation of the availability and use of GFP will be made
to reduce costs and implement schedules to the fullest extent. Coordination

with NASA and other NASA contractors wiU be necessary in order to make

use of available equipment in the most economical manner. To carry out

this effort, detailed data covering non-S&ID equipment will be required.
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Figure 8_. Ground Support Development Plan
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[ O Preliminary Design of SPACE Related GSE

Overall requirements for SPACE related checkout GSE will be
determined simultaneously with functional synthesis and preliminary design

of Apollo SPACE s_tbsystems and other subsystems related to Apollo
checkout, including carry-on equipment, simulators, servicing equipment
control units, and line terminal equipment.

Specifications, logic diagrams, timing charts, and other documen-

tation describing functional characteristics of the subsystem functional

design will be prepared for use toward detailed design effort. Results of

investigations and descriptions of resuiting functional designs will be
documented in technlcal reports for transmittal to the NASA.

Design

Design effort for GSE will be conducted in two major areas: (I) in-

house design and (Z) subcontracted systems design. Concurrent with these
efforts will be the investigation of the availability and possible use of GFP.

In-House Design

The GSE design sections will prepare concept plans compatible to the

integrated systems concepts. Th -oncept plans will result in the identifi-
cation of GSE items which conform to requirements of the integrated systems

concepts.

Basic layouts of overall configuration and preliminary analyses will

establish detail design parameters. The progress of detail design will
follow coordination with the spacecraft systems design groups, ATO and

systems integration, and approval by NASA of the concept plan.

The design effort will consist of detail design for the manufacture of
end items, preparation of procurement specifications for the purchase of

end items and components, and preparation of process specifications for

the manufacturing and checkout of GSE end items and components. Close
coordination with various vendors during the desi_ i, fabrication, and testing
of subcontracted end items and assemblies will be conducted to ensure

compliance with specifications.

Preliminary design circuits will be breadboarded and verified to

determine their applicability and capability to perform required functions.
The breadboarded circuits also will aid in determining components and

parts which meet specific reliability and quality-assurance requirements.

" -314 -
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ReliabiliW requirements, as set forth in the Reliability Program

Plan (SID 62-203) and the Qualification-.Reliability Test Plan (SID 62-204),
will establish reliability criteria and will be used in all design, both in-house

and subcontracted.

Engineering schedules will be prepared and coordinated with manu-

facturing to ensure the release of engineering data compatible with

manufacturing required dates.

Subcontracted Systems GSE Design

Engineering management and technical direction will be provided for
all GSE built by the Apollo major subcontractors. Specifications, drawings,
and'other subcontractor documents will be reviewed for approval. CaSE

design, development, and manufacture by subcontractors will be monitored
at the subcontractors I facilities to ensure that the objectives of the Apollo

Program are met from the standpoint of cost schedules and engineering
standards.

Testin_ and Support "

Testing of GSE will verify circuit designs, load capability, compati-

bility with spacecraft systems design and interfaces, and reliability. GSE

handling items will be proof-loaded to verify load capability and minimize

the possibility of damage to any test vehicle during handling operations.

Interface points also will be verified by the compatlbi.lity of the equipment
with the test vehicles.

After GSE end items are manufactured, they will be tested and

interface compatibility will be checked through the use of various GSE-type
substitute units which simuJate the spacecraft system interfaces. A set of

pertinent GSE will be maintained and utilized for (I) the development of _:
computer methods and tape programs for checkout procedures,

(2) certification of these programs and new programs or methods as

required, and (3) testing and verification of GSE changes restL1ting from
spacecraft systems changes prior to their release to the field.

The determination of spares requirements by Iogistlcs will be supported

by the GSE design unit. Operating and maintenance criteria will be developed

in addition to procedures for servicing GSE. Handbooks relative to GSE will
be reviewed for technical accuracy and adequacy of coverage.
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HARDWARE DEFINITIONS AND OB3ECT_VES

The Apollo Spacecraft Development Plan includes requirements for
hardware articles for evaluation and test purposes. These articles fall into

three categories: (I) mock-ups, (2) boilerplates, and (3) spacecraft.

Mock-ups are used to display configuration and design detail for study
and evaluation, and will be important technical tools in the development of

the spacecraft design. In the early stages of development, mock-ups will be
made of materials that can easily be modified to reflect design improvements.

As the design progresses, mock-ups will simulate the finalized spacecraft

configuration.

Boilerplates are simulated spacecraft or modules used for develop-

mental tests leading to the final spacecraft design. Boilerplates will simulate

the following characteristics of the final spacecraft design:

External size and shape
Structural soundness

Mass and center of gravity

Stiffness (with respect to impact absorption)

Systems as required
Instrumentation as required

Spacecraft articles will incorporate final design features and will be
used for unmanned flight, ground qualification tests, and manned flight.

Mock-ups, boilerplates, and spacecraft articles that are planned for the

time period through December 1964 are defined in the subsequent paragraphs.
It will be noted that each boilerplate and spacecraft will contain one or more

of the three major components: (I) the launch escape system, (Z) the command
module, and (3} the service module.

MOCK-UPS

M-Z--Command Module for Cabin Interior Arrangement

This mock-up is built specifically for the purpose of displaying the

command module interior arrangement, and will be used by S&ID as the

official configuration control mock-up. The exterior of the mock-up will be

of minimum design, utilizing only the interior for simulated equipment
installation.
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Present objectives are to develop the best arrangement of crew

equipment for maximum accessibility and optimum utilization. Future

objectives are to maintain configuration control on all installed equipment and
to conduct various tests on crew equipment for accessibility and arrangement.

The command module interior skin will be fabricated of plywood and will

be framed with a suitable external structure. An outer plywood skin will be

provided. The following equipment items will be simulated:

Ingress and egress hatches

Windows and/or viewing ports (with plexiglas)

Crew support and lifesystem

Control panel

Upper and lower equipment bays

Left- and right-hand equipment bays

Environmental control system

All interior mechanical and _lectrical equipment

All lighting fixtures

M-3_Command Module for Cabin Interior Arrangement

This mock-up is a duplicate of M-2 in all respects, and was delivered

to the Manned Space Center (MSC), Houston, Texas, in September 1962. This

mock-up presents the interior configuration of the command module for MSC
observance.

M-4--Partial Service Module and Partial Adapter Interface

This mock-up will reflect the service module and the adapter interface.

Its specific purpose is to simulate the interface and disconnect mechanisms

that are applicable. The mock-up will be made of metal to hoid the relative

positions of the_interface with minimum movement for more nearly perfect
simulation.

Design objectives will be the evaluation of mechanical and electrical

mating characteristics and compatibility between components, and the

evaluation of physical size and space provisions for installed equipment.

The portions of the service module and adapter that mate will be built

of metal, with only sufficient external structure to maintain integrity while

meeting mock-up design objectives.

M-5_Command Module for Cabin Exterior Equipment

This mock-up will depicf the exterior of the command module and all

details that are relevant to configuration contt-ol. As such, it will be the

- 318 -

SID 6Z-ZZ3



NORTH AMERICAN AVIATION, INC, _. sP&CEand INFORMATION .'.;¥STI,:MSDIVI.=,ION

official configuration control mock-up used for continual updating to the

latest configuration and will only involve tests on the mock-up exterior.

Present objectives will be to establish the location and to determifle the

compatibility of all equipmentj as well as to establish accessibility of

equipment for maintenance. Future objectives will be to maintain con-

figuration control of all installed and simulated equipment with evaluation

of accessibility for maintenance.

The mock-up will be constructed of wood with the space between the

pressure shell outer mold line and the heat shield structure inner mold Hne

simulated along with antennas, reaction control system, windows and!or

viewing ports, mechanical and electrical disconnects, environmental control

system, and the parachute storage area.

It will have a minimum amount of interior structure, as needed for

support. Design of the exterior configuration includes all equipment and
bays exterior to the interior command module mold line.

M-7---Complete Service Module

This mock-up will reflect a complete configuration of the service

module. It will depict propul'sion components for display and design support
necessary to integrate the subcontractor's propulsion system into the service
module.

Present objectives are to evaluate space for personnel movement within

the module, to provide for accessibility of component modules for in-flight

and ground maintenance, and to evaluate the interface design between the

command module and the service module. The future objectives will be to
study and evaluate space .requirements and the compatibility of the various
systems and equipment.

The service module mock-up will be of sufficient strength to withstand

handling and transportation at S&ID and comply with design objectives. A
complete reaction control system, propulsion system, and environmental

control sy_ter,., with major electrical and mechanical systems supplied with
disconnects, will be simulated and installed.

M-gaSpacecraft for Handling and Transportation

This spacecraft handling and transportation mock-up will be a hard

•' mock-up of the launch escape system, command module, service module,

"_il_ and adapter, which will be used by S&ID for evaluation studies involving size,

weight, and center of gravity of the Apollo spacecraft, The mock-up will also
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aid in the design of handling and transportation equipment for the launch

escape system, command module, service module, and adapter.

The mock?up will have the capability of holding extra weights as

required to make various weight and center-of=gravity tests and the capability

to sustain a transportation load. The external configuration of the Apollo

spacecraft, all hoisting and jacking provisions, and all other connections

associated with handling and transportation will be simulated. Reaction

control rocket engines in the service module, connection and separation

points, and external items, such as hatches, ports, and antenna, will be
simulated.

M- 1l--Spacecraf.t for Handling and Transportation

This mock-up will be used in the same manner as Mock-up 9, and is

required to ensure that a mock-up of this nature will be present at S&ID for

ground support evaluation in the event that Mock-up 9 is being used for

transportation feasibilitystudies. One handling and transportation mock-up

is, therefore, assured of being at S&ID for ground support equipment studies.

M-IZ_Partial Command Module for Crew Support Equipment

D This mock-up will reflect only the minimum interior and exterior con-figuration required to demonstrate the restraint system and vibration

mitigation system as these systems are developed on Simulators l and 2.

Design objectives will be to maintain current design information con-

cerning crew support and restraint systems, current anthropometrlc

requirements, the current restraint system, the shock and vibration

mitigation system, and the current requirements for crew protection. %

The mock-up will consist of the command module interior, along with

the crew support systems, equipment bays, and instrument panels in a con-

figuration that will include simulated couches, shock and vibration mitigation
systems, personal parachute system, restraint system, and support system.

/iM- 18_Spacecraft Complete

This mock-up will reflect as closely as possible, a complete config-

uration of the spacecraft, which •will include the launch escape system,
command module, service module, and adapter. Information that has been

compiled from all mock-ups prior to completion of Mock-up 18 will be

included on this mock-up.

The mock-up will be a simulation of the complete spacecraft vehicle

consisting of the launch escape system, command module, service module,

and adapter. _ock=up 18 will remain at S&ID for future studies and DEI use.
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0 The mock-up will be made as complete as possible including all systems

and i_corporating all changes and refinements obtained from data compiled

from previously built mock-ups.

BOILERPLATES

Fifteen boilerplates are planned to provide early system confirmation,

system overall evaluation, qualification of spacecraft design, structural and

systems compatibility, and booster compatibility verification.

]5-I and B-Z_Command Module for Land and Waterlmpact Test

The mission of B-I and B-Z (Figure 84) win be the early confirmation

of the crew shock absorption system and stability characteristics of the
command module during and after touchdown impact.

Test objectives of this mission will be to evaluate the crew shock
absorption system, and the vertical and transverse acceleration loads during

land and water impact. Verification of the maximum emergency limit g

forces, flotation stability, and the evaluation of time limit and directional g

forces on anthropomorphic dummies will be carried out. The configuration
will consist of the command module only, equipped with a crew shock

absorption system, anthropomorphic dummiesj and a simulated heat shield
with no ablative material. On-board instrumentation to external recorders

by direct wire will also be used along with high-speed cameras.

There is a probability that 20 drops on each boilerplate will be
conducted at S_ID, Downey facility. In at least one test each on land and water,

the command module must impact under the following conditions:

I. Impact angle of minus 15 degrees

2. Crew positioned feet first

3. Equivalent vertical velocity of 30 feet per second at impact in

combination with up to 50 feet per second horizontal velocity

B-3_Comrnand Module for Parachute Recovery
i

The mission of B-3 (Figure 85) will be the early confirmation of the

parachute recovery system using a C-133 airplane for drops on land and
water. Tests will be conducted at E1 Centrot California.

The boilerplat_ will consist of a command module onlyp equipped with a

drogue parachute, landing parachute, and an earth impact attenuation system.

The sequence control subsystems, battery power system, instrumentatlon_
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COMMAND MODULE
BOILERPLATE
STRUCTURE(WATERTIGHT)---_. 3RPHIC OUMMIES

\ (INSTRUMENTED)

CAMERAS

CREWSHOCK
ABSORPTION ,SYSTEM' SIMULATED HEATSHIELD

WITH NO ABLATIVE
MATERIAL"

MISSION - GENERAL: EARLYCONFIRMATION OF CREWSHOCK ABSORPTIONSYSTEMS

Figure 84. B-1 and B-2 Command Module for Land Water Impact Test
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Figure 85. B-3 Command Module for Parachute Recovery

O
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@ radio command, and on-board recorders will be used. Partial telecommuni-
cations and recovery systems will also be required.

B-5_Command Module and Launch Escape System for Pad Abort

The mission and test objectives of B-6 (Figure 86) wi n be evaluation

of the launch escape propulsion system, launch escape tower jettison release

mechanism, recovery system, and verification of stl0uctural integrity of the

launch escape tower. Tests will be conducted at the White Sands Missile

Range, New Mexico.

The configuration of this boi]erplate will include a command modulet
ground adapter, launch escape tower, launch escape motor, pitch control

rocket motor, and a jettison motor. The on-board systems will include a

battery power system, R & D telemetry system, instrumentation, and abort

system sequencer. Recovery parachute, drogue chute, mortar, sequencer,

and provisions for impact attenuation system will also be required.

I B-9_Spacecraft for Dynamic Test and Second Spacecraft for Booster
Compatibility Test

B-? (Figure 87) wlii consist of a boilerplate command module,

I_ service module, spacecraft adapter, and launch escape tower for dynamic
[W tests to be performed at MSFC in conjunction with a launch vehicle. This

boilerplate will be used for the determination of dynamic structural corn-

patibility with a launch vehicle. The configu_ational requirements will be
as follows:

Command module'----structure same as B-13
Service module_structure same as B-13 ,'

Spacecraft adapter-service module to C-I _structure same I
as B-13 [

Launch escape and jettison motors (simulated)_structure t
same as B- 13 '_-,,i:;m

Escape tower_prototype structure same as B- 13

After completion of dynamic testing at MSFC, the boilerplate will be

refurbished and a live jettison motor installed. The boilerplate will then be
launched by a C-1 launch vehicle for a booster compatibility test. The

boile rplate is non- recoverable.

B," I2_Command Module' and LES for Max q LEg Verification

The objective of B- IZ (Figure 88) wiil be the evaluation of the launch

escape system at maximum dynamic pressure (max q). This will include

evaluation of stability margins, structural integrity of the launch escape
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_._ _ JETTISON MOTOR

/SPACECRAFT

PITCHCONTROL ROCKETMOTOR_

LAUNCH ESCAPEMOTOR

TOWER
-'_ SPACECRAFT

SYSTEMS
SPACECRAFT

rJ'IANICAL
LOWEREQUIPMENT gAY SEPARATIONCOMMAND
(BATTERYPOWER MODULE AND LES
SYSTEM, RAND D TELE- SPACECRAFT
METRY SYSTEM, AND
INSlRUMENTATI

WITH SIMULATED

PROVISIONS FOR (AFT) HEATSHIELD (NO
IMPACT ATTENUATION ABLATIVEMATERIAL)
SYST

COMMAND MODULE ,
I' SERVICEMODULEI

•,o_ I ADAF" "
.J

i_ MISSION:
LAUNCH ESCAPE
PROPULSIONSYSTEM

Figure 86. B-6 Command Module and Launch Escape System for Pad Abort
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PITCHCONTROl,.

FTTI$ON MOTOR
(SIMULATED)

NCH ESCAPE
MOTOR (SIMULATED)

LAUNCH ESCAPETOWER
(SPACECRAFTSTRUCTURE

INTERFACE
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BOiLERPLATE
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BOILERPLATE(ALUMINUM)
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:, _ INSTRUMENTATION UNIT
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Figure 87. B*9 Spacecraft for Dynamic Test and Second Spacecraft

JO for Booster Compatibility Test
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Max q LES Verification
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tower, launch escape motor characteristics at max q, and the recovery

system. The test will be conducted at the White Sands Missile Range,
New Mexico.

The configuration will include a command module, launch escape tower,
service module, and adapter. The launch escape tower will be equipped with

a launch escape motor, pitch control, and a jettison motor. A Little Joe II
booster will be used to launch this boilerplate. Systems needed include

battery power, R & D telemetry, abort system sequencer, and a recovery

system.

B- 13--First Spacec raft for Booster Compatibility

This test vehicle (Figure 89) is a spacecraft consisting of a

boilerplate command module, service module, spacecraft adapter, and

escape tower. The mission will be a launch injection of the spacecraft with
a C=I launch vehicle. There will be no separation from S-IV booster and

the boilerplate is non-recoverable.

The prime object of this flight will be to demonstrate compatibility of

the spacecraft and booster. Additior.al objectives will include evaluation of
the structures under flight loads and the R h D instrumentation system,

including telemetry and tracking.

• The vehicle will consist of a command module, service module, and

launch escape tower equipped with inert launch escape and pitch control
motors and a live jettison motor. The service mpdule will be attached to the

C=I booster with a spacecraft adapter. Battery power, R & D telemetry, and

instrumentation systems will be needed.

B=14mHouse Spacecraft No. 1

]5- 14 (Figure 90), designated as House Spacecraft No. I, is a test

platform for mounting primary systems to evaluate systems compatibility.
It will be used mainly as a tool in development of systems, and a preliminary

check of integrated systems compatibility. House Spacecraft No. I will also
be used to establish operational procedures and to evaluate GSE design and

operation. B= 14 will remain at S&ID, Downey facility.

The basic configuration will include a command module, service

module, launch escape tower, and a ground adapter. These will be skeletal

structures for mounting systems in their proper geometry with removable
skin on the outer structure. These modules will be equipped with complete

systems with the exception of llve rocket motors.
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Figure 89. B-13 First Spacecraft for Booster Compatibility
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Figure 90. B-.14 House Spacecraft No. 1
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le
B- 15_Third Spacecraft for Booster Compatibility

B-15 (Figure 91) is the third spacecraft for booster compatibility
test consisting of a boilerplate command module, service module, spacecraft

adapter, and a launch escape system. The primary objective of this flight
wiil be to demonstrate the compatibility of the spacecraft and booster by
launch injection of the boilerplate with a C-1 launch vehicle. Data will be

gained for evaluation of the structure under flight loads and compatibility of
the R & D instrumentation system with the launch vehicle. B- 15 will not

separate from the S-IV booster and is non-recoverable.

During this flight, the vehicle wiU utilize a launch escape system with

an inert lam,ch escape motor, inert pitch con.xol motors, and a live jettison

motor. A battery power system, an R & D telemetry system, a radar beacon, ,_._

and an instrumentation system will be carried aboard this spacecraft. 7?

B-16 and B-18_Spacecraft for Booster Compatibility Verification ..-. _._

These test vehicles (Figure 9Z) win be the fourth and fifth

spacecraft for booster compatibility verification. They will be launched

from a C-1 launch vehicle. The boilerplates will not separate from the

0 S-IV and are non-recoverable. The mission objectives will be to qualify thelaunch vehicle an d to demonstrate the physical and Night compatibility of the

launch vehicle and spacecraft .......

The vehicle will consist of a launch escape system, command module,

service module, and adapter. The launch escape system wi!1 have inert

launch escape and pitch control motors and a live tower jettison motor.

Battery power and sequencer will be required for launch tower jettison.

B- 19 _Command Module for Parachute Recovery

The mission of B- 19 (Figure 93) will be the early confirmation of
the recovery system using a C-133 airplane for drops on land and water.
Tests will be conducted at El Centro, California.

The boilerplate will consist of a command module only, equipped with a

drogue parachute, landing parachute_ and an earth impact attenuation system.

The sequence control subsystem, battery power system, instrumentation
system, radio command and on-board .--ecorders will be used. Partial tele-

communications and recovery systems will also be required.

B-Z_--Command. Module for_LES .f°r High-Altitude RCS Verification

The mission of B-ZZ (Figure 94) will be to determine the aero-

dynamic stability characteristics of the Apollo escape configuration during an
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Figure 91. B-IS Third Spacecraft for Booster _'ornpatibility

- 33Z -

SID 62-223



NORTH AMERICAN AVIATION, INC. ('(._._") RpACEa=,d INI,X)RMAI"ION S'_'._I'I;_'M_ I)!_1_1,.,_.

• PITCH CONTRO l
MOTOR

LAUNCH ESCAPE
MOTOR (SIMULATED)

LAUNCH ESCAPE

INTERFACESEPARATION BOILERPLATE
SYSTEM(SPACECRAFt).

SERVICEMODULE BOILERPLATE_

_..,,.._._ ADAFtER BOILERPLATE

_ INSTRUMENTATION UNIT

OOSTER"

J@ Figure 92. B-Ib, B-18 Spacecraft for Booster Compatibility Verificatlon
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Figure ?4. B-Z2 Command Module for High Attitude LES Verification
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abort just prior to tower jettison, and to demonstrate the capability of the

0 launch to propel the command module safe distance fromescape system a

the launch vehicle during the abort. Secondary test objectives will be to

determinc the command module stability characteristics during a simulated

reaction control system failure, and to demonstrate the parachute recovery
system.

This boilerplate will consist of a command module, service module,

Little Joe II adapter and a launch escape system. Command module

equipment will include a partial stabilization and control system, reaction
control system, battery power system, telemetry and instrumentation, and

sequencers.

Tests will be conducted at the White Sands Missile Range, New Mexico.

B-g3--Back-up Boilerplate for B-6 and B-IZ

B-Z3 will be used as a backup for B-6 or B- IZ in the event B-6 or B- IZ

does not attain the desired test objectives. If B-6 and B-IZ are both

successful, another test mission will be assigned to B-Z3.

B-RS_Command Module for Water Recovery Procedures and Handling
Equipment Development

|_ The mission Of B-ZS (Figure 95) wiU be to demonstrate the
capability of handling and recovery equipment. The boilerplate configuration

will be the external shell of the command module complete with hoisting and
handling provisions.

B-Z5 has been shipped to MSC, Houston, Texas, for NASA test and
evaluation.

SPACECRAFT

Airframe 001--Spacecraft for Propulsion System Qualification

Airframe 001 (Figure 96) spacecraft configuration will consist of a

command module, a spacecraft adapter, and a ground adapter with a

separation system from spacecraft to command module. It will be equipped

with all the systems and instrumentation required to conduct the propulsion

tests. This spacecraft will be used to verify propulsion systems under

normal and emergency flight environments.

The test objectives are to evaluate propulsion systems performance
under low-altitude conditions; to obtain environmental data on vibration,

acoustic and base heating; and to verify reaction controls system performance

and compatibility. The spacecraft will be used at the development test site,
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White Sands Missile Range, New Mexico0 and will be capable of firing with a

crew in the command module on a separate pad.

Airframe 00Z--Command Module and LES for Max q LES Verification

Airframe 002 (Figure 97) wiLl consist of command module_

boilerplate service module, boilerplate adapter, and a launch escape tower

spacecraft system. This spacecraft will be used for qualification of the

launch escape system at maximum q, and for demonstration of the structural

integrity of the command module. Evaluation of the recovery complex and

separation dynamics will also be objectives of this flight. The systems used

will be limited to those which are required to perform tasks necessary for

conducting the tests. Therefore, the parachute recovery system with

sequence control system will be included. Little Joe IIwill be used as a
booster. The test will be conducted at White Sands Missile Range,

New Mexico.

Airframe 004_Spacecraft for Static Test No. l

The first static test article (Figure 98) is composed of a spacecraft

command rnodule_ service rnodule, adapte r, and a launch escape tower. It

will be programmed for static tests to verify structural integrity under launch

pad static loads and structural integrity under all simulated boost conditions.

No systems will be required. Direct wire instrumentation will be used with
these tests which will be performed locally.

Airframe 005_Command Module for Static Test No. 2

Airframe 005 (Figure 99) consists of a spacecraft command
module that will be used for verification of structural stiffness and integrity

during reentry and recovery phases under simulated thermal environment and
shock loads. No systems will be involved; however, direct wire instrumen-
tation will be required. These tests will be performed locally.

Airframe 006oHouse Spacecraft No. 2

Airframe 006 (Figure 100) will be used for vibration and acoustic

testiug in support of the environmental test objectives of airframe 008. After
the first manned Apollo flight,airframe 006 will be used as House Spacecraft

No. 2. This spacecraft will be used to check system performance and com-

patibilityand to confirm design changes prior to inclusion in actual flight
vehicles. Malfunction analysis and development of operational procedures for

vehicle and mission will be additional objectives of this spacecraft.

The spacecraft configuration will include a command module° a service

module, an adapter, and a launch escape system of spacecraft design and
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Figure 97. AFRM 00Z Command Module and Launch Escape System for

Max q LES Verification
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Figure 98. AFRM 004 Spacecraft for Static Test No. 1
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structure. Complete spacecraft systems will be required except that the
LES motors will be inert.

Airframe 008wSpacecraft for Environment Proof

The environmental proof spacecraft (Figure 101) consists of a

spacecraft command module, spacecraft service module, and a spacecraft

adapter. All systems to be used in verifying design adequacy of the complete
spacecraft under simulated mission environments will be included.
Confidence in equipment will be verified by qualification studies of spacecraft

ability to withstand environmental conditions that are present during

prelaunch, launch, boost, separation, earth orbit, lunar and cislunar

environment, reentry, earth landing, and recovery.

Airframe 009_Spacecraft for Launch and Recovery Qualification Flight

Airframe 009 is the first manned spacecraft. This spacecraft

(Figure 102) consists of the spacecraft command _odule, spacecraft
service module, spacecraft adapter, spacecraft launch escape system, and

all essential spacecraft systems required for a manned flight. This vehicle
will be used for qualification of the C- 1 launch vehlcle, command and service

modules, and essential spacecraft systems for manned orbital flight. It will

verify recovery operations, entry, and readiness of the recovery complex.
The secondary test objectives are to demonstrate separation capability for

orbital night and to evaluate the following: abort capability, crew shock

absorption system, stability, control, reaction control, and the fuel ceil

module under zero g.

Airframe OIO_C/M and LES for Pad Abort

The pad abort spacecraft (Figure 103) consists of a spacecraft

command module, a pad adapter, _.nda spacecraft escape tower. The

primary mission of this spacecraft will be to qualify the launch escape

system. The test objectives will be to evaluate the stability margins and

launch escape tower jettison dynamics, control system operation, and

structural integrity. This spacecraft will also be used to demonstrate the

recovery system from pad abort. These tests will be conducted at the

White Sands Missile Range, New Mexico.

Airframe OllmSpacecraft for Second Manned Flight

This spacecraft (Figure 104) will be used for the second manned
flight. It will be composed of a complete spacecraft, fully equippedj to

verify (1) the capability of a multimanned spacecrait to complete an orbital

mission, (Z) the operation of GOSS with manned spacecraft, and (3) the

capability of the manned spacecraft recovery complex. The inflight crew
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reaction will also be evaluated. A series of manned orbital flights will follow

to provide data regarding long-term space operationst bio-medical effects,
and crew spacecraft compatibility and performance needed to proceed into the
lunar missions.

0

O
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Figure 10l. AFRM 008 Spacecraft for Environmental Proof
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TEST LOGIC /

This section describes the time-sequenced development test logic to be

employed in the testing of each Apollo system and traces concisely the pro-

gression of each system. The interim objective of all testing is qualification
for manned earth orbital flight; the ultimate objective is qualification for

safe manned lunar flight.

SERVICE PROPULSION SYSTEM

The service propulsion system (SPS) will provide propulsion for

mission abort, major midcourse velocity corrections, lunar capture, and

escape velocities. The system, pressure-fed and using storable hypergolic

propellants, is controlled automatically through the guidance and navigation

and stabillzation and control systems; however, it can he controlled manually
in the event of automatic control failure. The system consists of a gimbaled

rocket engine, helium pressurized fuel, and oxidizer storage and distribution
subsystems.

The test program will begin (at the subcontractor's test facility) on the

component and subsystem level and will progress to the bollerplate and

spacecraft level using prototype hardware as it becomes available. The

rocket engine manufacturer will use test fixture F- 1 to conduct preliminary

flight rating test qualification tests, evaluate basic design parameters and

performance, certify safe usage, and evaluate the propellant system at sea
level. Test fixture F-3 win be used for the subcontractor qualification tests

at simulated altitudes and space environments. Test fixture F-Z will be used

at the White Sands Missile Range to determine engine and propellant system
interaction effects and overall compatibility; it also will permit continuance

of service propulsion system tests when airframe 001 is undergoing modifi-

cation or repairs. These tests will be conducted under SaID surveillance.

Testing of the integrated subsystems with a propellant collection fixture to

simulate the rocket engine will be conducted by SaID to provide the essential

design development, evaluation, and verification data. Off*the-shelf

components will be used in this test initially, while qualified components will
be used in the final phases.

!_ Testing of the service propulsion system on an integrated system level

to determine system compatibility will begin with house spacecraft 1

(boilerplate 14). Prototype hardwqre will be used if it is available. Proto-

- _ type hardware also will be used in house spacecraft Z (airframe 006) to
confirm development design changes and systems compatibility. The
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0 propulsion spacecraft (airframe 00l) test at the White Sands Missile Range
will evaluate service propulsion system performance0 heat transfer, and

fuel handling and storage problems under conditions at near sea level.

Further testing requirements of the service propulsion system for its ultimate
mission will be determined by tests on airframe 008.

REACTION CONTROL SYSTEM

The reaction control system will control attitude and stabilization of

the Apollo spacecraft. (The command module and service module have
similar reaction control systems.) The reaction control system is pulse-

modulated, and uses storable hypergolic propellants which are pressure-fed.

It consists of a helium pressurized storage and distribution subsystem,

oxidizer storage and distribution subsystem, fuel storage and distribution
subsystem, propellant control valves, and thrust chamber subsystem.

The test program will begin at the subcontractor's or component
supplier's test facility on the rocket engine component or subsystem level and

will progress to integrated system tests. Prototype hardware will be used as
it becomes available. In generalp all system components will be tested to

detailed specifications. S&I-D will conduct performance evaluation tests to

verify the component supplier's test results. The r_cket engine manufacturers

(Marquardt and Rocketdyne) will perform development tests that include
_xperirnental, prototype development, preliminary flight rating, and

qualification-reliability tests. S&ID will monitor all subcontractor major tests.

Sg: _: will conduct development tests on the helium and propellant

storage and distribution subsystems. The test will be initiated on the

subsystem level and will progress to a complete reaction control system
test on the breadboard level. Purpose of the test will be to determine the

compatibility of the subsystei_s and to obtain essential development data.

Initial testing of the reaction control system for preliminary operational

procedures will be conducted in house spacecraft I (boilerplate 14) and
simulated propellants will be used. The reaction control system performance

v_ll be evaluated in the propulsion spacecraft airframe 001, and actual

propellants willbe used for this test. House spacecraft 2 (airframe 006)
tests vri11 confirm development design changes, evaluate systems compati-

bility_ and evaluate and develop operational procedures, The reaction

control system will be tested further on airframe 008 to determine its
readiness for the final mission.

LAUNCH ESCAPE SYSTEM

The launch escape _ystem (LES) consists essentially of the pitch control

motor_ tower jettison motor_ launch escape motor, tower structure, and the
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tower release device. Two operational functions of the system include a

method of releasing the tower structure from the command module at the

appropriate time in normal or abort operation and a method of releasing the
command module from the service module and launch vehicle in the event of

an abort condition.

During the subcontractor development programs for the three rocket

motors, the igniters will be tested in an inert motor and their performance
will be evaluated. The pitch control, tower jettison, and launch escape

motors will be static fired 17, 29, and 17 timesm respectively, to evaluate

motor, propellant, and igniter characteristics. During the subcontractor

development programs for the launch escape and tower jettison motors, two

simulated altitude performance tests at AEDC will be required for each
motor to verify the design prior to flight tests.

Pad abort test of boilerplate 6 and airframe 0|0 will evaluate the flight

dynamic characteristics o£ the launch escape system. The trajectory for the
pad abort test will be controlled by the pitch control motor to insure landing

at a safe distance from the pad.

Little Joe II launch escape system tests on boilerplates 12 and 23,

and airframe 00Z will evaluate system performance at maximum q conditions.

During abort tests, additional data will be obtained from escape tower
structural verification and operation of the parachute system. Further

•structural integrity tests (including related launch escape system tests) of

the tower wi 11 be conducted on boilerplates 9, 13, and 15.

High altitude LES tests including recovery systems tests will be

performed on bollerplate 22. The tower structural and mechanical release
components will be subjected to functional and environmental tests by SaID

prior to boilerplate evaluation tests. Due to limitations of the test configura-

tion, partial launch escape system tests (tower or motors) will be performed
on airframes 004, 006 and 008. Tests of the tower structure and release

mechanism are included on boilerplates 6, 9, 12, 13, 14, 15, 16, 18, Z2, and
Z3, and on airframes 002, 004, 006, 008, and 010.

EARTH LANDING SYSTEM

The earth landing system (ELS) for the Apollo vehicle consists of

: drogue parachutes and deployment devices, main parachutes and deployment
devices, and location aids.

Components will be tested initially by the subcontractor or the

contractor and will progress through complete system hardware testing.

Tests emphasizing interface areas will explore complete system problems.

Prototype components will be subjected to the Apollo mission environment

and will be tested for proper functioning.

- 353 -

., SlID 67_.-22 3



f

NORTH AMERICAN AVIATION, INC. i_._ SPACEandINFO_,IATION s'v_;3"l,'._l_DI','I._I().'_

The drogue parachutes, main parachutes, means of deployment, and

mechanical location aids will be developed and tested by the subcontractor.

S&ID and the subcontractor will conduct verification tests by air drops, using
boilerplates 3 and 19. The airframe shock attenuation subsystem win be
used on B-3 and B-19 for reuse of the articles only.

The earth landing system will be installed on the environmental proof
spacecraft (airframe 008) to verify the system's capability to withstand the
environmental conditions of the Apollo missions.

The earth landing system will be evaluated further for command module

earth recovery requirements as included in the following tests:

Pad abort escape test for boilerplate 6

Escape at maximum q test for boilerplate 12 and for airframe 002

High altitude abort for bolder'plate 22

Further results on the operating capabilities of the earth landing system
will he gained from the recovery of boilerplate 23 and airframe 010.

ENVIRONMENTAL CONTROL SYSTEM

The environmental control system (ECS) consists of materials,
components, and subsystems pertinent to environmental conditions within

the command and service modifies. The system provides for temperature,

humidity, oxygen and pressure control, equipment cooling, CO2_ toxic
gasest and other contaminant removal.

Materials will be examined by the subcontractor for integrity and
reliability under Apollo environments. Components for the environmental

control system will be tested by the subcontractor for performance
requirements &nd design modifications in simulated environmental and/or

dynamic conditions to verify flow rates, pressure drops_ electrical and

thermal cha._acteristics, functional performance, and response times. The
subcontractor also will test subsystems and systems assembled with material

and components to determine if interaction between the connecting media
reveals any malfunctions.

S&ID will perform integrated systems tests on a breadboard environ-

mental control system and will employ limited subcontractor back-up testing
of components and subsystems. The breadboard will be maintained for

supporting tests of associated systems and new components that result from
design improvements or changes in system requirements. S_.ID also will

analyze subsystem interaction and compatibility, preflight and inflight testing

and monitoring, and GSE interaction and compatibility. _\_
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O ECS qualification tests will be performed on B- 14. Major tests on

the environmental control system will be performed on house spacecraft,
airframe 006, and the environment_l proof spacecraft, airframe 008. Initial

flight performance of the environmental control system will be tested on

airframes 002, 009 and 010. Flight performance will be verified on instru-

mented and manned orbital spacecraft airframe 01 I.

ELECTRICAL POWER SYSTEM

J

The electrical power system consists of major components and sub-

systems which include fuel cells, mechanical accessories, pyrotechnics,

solid-state inverters, sequencers, secondary-type zinc oxide batteries,

battery chargers, distribution subsystems, control subsystems, and
illumination subsystems.

In general, the subcontractors will perform developmental tests on

the component and subsystem level. S&ID will conduct performance evaluation
tests on the components and subsystems to assure their conformance to

procurement specifications. S&ID also will conduct system and integrated
system level tests on breadboards, boilerplates, and spacecraft. _

Operational characteristics of the sequence subsystem and electro-

explosive devices will be evaluated in the pad abort tests (boilerplate 6 and
airframe 010) and abort tests "00oilerplates 12 and Z3, and airframe 002).

Compatibility of the electrical power system on the subsystem, system, and
integrated system level will be determined by the house spacecraft tests
(boilerplate 14, and airfram_ 006). Effects of heat and vibration on the

electrical power system will be determined by the propulsion spacecraft test
(airframe 001). The environmental test will determine operatlonal charac-
teristics of the electrical power system in simulated mission environments
(airframe 008).

GUIDANCE AND NAVIGATION SYSTEM

The guidance and navigation system is comprised of the inertial

measaarement unit_ the sextant_ guidance computer, display and controls,

final approach equipment, sun finder assembly, and the power and servo
assembly.

Design and development testing will be accomplished by the associate

contractor and his subcontractors. This phase of the test program will be

continued to system completion. S&ID testing will cover interface require-
ments_ systems and operational compatibility, and computer simulation

in order to verify system design and performance, Initial testing will be

conducted on house spacecraft (boilerplate 14) and environmental proof
spacecraft (airframe 008).
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Flight operations will determine subsystem operation ability in

spacecraft environment and to demonstrate controlled entry into the earth's
atmosphere. Subsystem interface operation ability is an objective for

Apollo-Saturn flight of airframe 009. Demonstration of most functions with
relationship to manned control will be carried out on airframe 011.

STABILIZATION AND CONTROL SYSTEM

The stabilization and control system (SCS) consists of sensing elements,

electronic circuitry, and control elements which stabilize and control the

vehicle through all flight phases. Major components are the inertial

elements, mission programmer (unmanned only), control panels, electronic

computer assemblies, command module reaction controls, service module
reaction controls, and propulsion system gimbaling controls.

Components and subassemblies will be tested initially at the
subeontractor's facility. They will undergo complete system hardware tests

accomplished by reaction control motors and analog simulation. Additional

tests emphasizing interface areas will be conducted by S&ID to explore

complete system problems.

Initial testing with other systems will begin in the house spacecraft

(boilerplate 14) where they will be operated in various combinations to assure

systems compatibility and to develop combined operating procedures. Testing

of combined operations will be done under various environmental conditions
in the environmental spacecraft (airframe 008). Testing in conjunction with

mission propulsion motor system and reaction control motor systems will be
conducted in the propulsion spacecraft (airframe 001).

The ability of the stabilization and control system to produce the
controllability needed to maintain proper entry conditions will be verified

on spacecraft airframes 009 and 01Is which will be tested from a Saturn
launch vehicle.

COMMUNICATIONS AND INSTRUMENTATION SYSTEM

The communications and instrumentation system comprises the radio

frequency and data handling equipment, antenna subsystem, and instrumen-
tation procured by S&ID from subcontractors and the research and

development instrumentation supplied by NASA-MSC. Much of the procured

equipment is being manufactured or procured by a major subcontractor
(Collins Radio Company). The NASA-supplied items include equipment to
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be used only on research and development missions and also equipment to be

used on operational missions.

The procured equipment will be designed, developed, and tested by the

subcontractors prior to delivery to S&ID. The NASA-supplied equipment also

will be tested prior to delivery to S&ID where it will be installed in the

spacecraft.

S&ID tests wiLl consist mainly of procured equipment evaluation tests,

receiving inspection, system integration tests_ and acceptance tests of both

procured and NASA-supplied equipment.

Integrated subsystem tests will be conducted on house spacecraft I
(boilerplate 14), house spacecraft 2 (airframe 006), and the environmental

proof spacecraft (airframe 008). Partial subsystem tests wiLl be performed
on airframe 001. Partial antenna equipment group flight evaluation tests will

be conducted on airframes 00Z and 010.

LIFE SYSTEMS

The su._cess of each Apollo night is contingent upon the safety of the

0 astronaut and upon his ability to perform his functions and duties. A Life

systems test program will provide a positive evaluation of ail factors

affecting crew reliability and safety and will demonstrate that the crew can
perform required tasks at the required level o£ proficiency under anticipated
mission conditions.

The life systems test program will evaluate crew performance as an

integral function of Apollo system design. Primary emphasis will be placed

on required reliability and safety goals achieved by integrating human

capabilities and limitations with systems design.

The program will follow logical progression of systems evaluation,

beginning with indlvidual systems tests and continuing through multiple

systems test and flight test, Tests will be conducted in the areas of man-
machine, man-man, and man-envlronment interactions. Crew systems

qualification and reliability criteria will be evaluated by crew performance
tests under partial- and full-mission simulations.

Evaluation of individual systems operation will determine the adeq.lacy

of life systems criteria and specifications at the detailed design level on
simulators I and Z, and mock-up IZ. Man-machine (human engineering)

tests will evaluate preliminary spacecraft and related GSE subsystems
man-machine interface designs. Where tests indicate a lack of life sciences

data, NASA will be advised o£ the problem areas and their probable influence

on vehicle design and mission reliability. As systems design, crew
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requirements, and precedures are estabhs_t_d, tebts will follow progression

of tlrpicaldesign-development to first-run _nd protot_p_" h, rdware installed

in boilerplates I and Z, and in airframes 0GI, 006, and 008. During tbls

latter phase the major emphasis will be placed on crew pcrformnnce
validation during partial- and full-mission simulation studies.

GROUND SUPPORT EQUIPMENT

Ground support equipment is defined as all equipment required to

inspect, test, adjust, calibrate, appraise, gauge, measure, repair, overhaul,

assemble, disassemble, transport, safeguard, record, store, actuate,

service, maintain, launch, and, otherwlsc, support the cnd article. GSE

for the Apollo vehicle has four basic categories: handling, servicing,

auxiliary, and checkout equipment, Detail cqui:.)m_t may consist of hoists,

slings, adapters, dollies, winches, electromechanical subassc_-_blies, bench
maintenance equipment, covers, computers, and complete checkout consoles.

Due to the diversity of tests, many pieces of GSE hardware will bc used

concurrently with various system tests throughout the Apollo development

phases. The ground support equipment for ground tcsts should be of the
same cort_iguration as the GSE to be utillzed for flight operations, except
for functions unique for the particular test.

0 Components and subassemblies will bc dcx'_'lo-,cdand tested a_ S&IDand at several subcontractors' faciiit_cswhere t'_eywill progress to complete

subsystem test development. In addition, S&ID will conduct in-he,use GSE

breadboard tests to emphasize interface are_ts for resolving complete system

problems.

GSE employment wiil _cgin with boilcrpl_Lte 1 and continue through to _.

boilerplate Z3. The category and quantity of GS_- will be determined during
tests. For example, servicing equipment will start, signi[icantly, with

boilerplate 6 and continue through boiierplate Z3. Au.,dliary equipment that

cannot be defined as handling, servicing, or checkout will be used as needed

on major tests. Combined checkout and handling GSE hardware will be used

on boilerplate IZ. A complete set of GSE will be required on boilerplate 14,
and airframes 009 and 011.

Partial prototype GSE o_ one or more categories _.illundergo evaluations
tests conducted on airframes 001, 00Z, 004, 005, and 010. Complete sets of

GSE prototypes will be used and tested on airframes 006, 008, 009 and 011.

STRUCTURAL TESTS

Structural tests will be conducted on components, subassemblies,

assemblles, and the c_mbined assemblies of the launch escape tower,

command module0 service rnodule, spacecraft adapter, and ground support

handling equipment.
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O The test program will begin with laboratory tests to g_ther design and

development information under combined flight environments and loads for

prototype _tructural components. Criteria of static and aerodynamic loads,
hard vacuum, heat, meteoroid impact, vibration, and acoustics w_11 be

applied. Included are acoustic and vibration tests of typical panels of the
modules, and miscellaneous load tests on fittings. Subassemblies and

• assemblies will be tested to design and ultimate loads under critical environ-

ments for design verification. Included are dynamic tests o£ boilerplate,

prototype structure, and bracketry. Boilerplate 9 will be shipped to Marshall

Space Flight Center, Huntsville, Alabama, where it wiU be subjected to
simulated dynamic flight stresses under the direction of the NASA.

The boilerplate and spacecraft flight test program will provide design "
information for verification of flight environments, evaluation of structural

components and assemblies, and prequalification data for the final design i ..-

c onfigu ration.

Ground handling slings, dollies, trailers, etc., will be proof-load

tested to applicable specifications.

MECHANICAL DEVICES

Development tests will be conducted on mechanisms for separation,

release, deployment, positioning, and shock attenuation.

Components of each device (viz., latches, cable-cutting release units,

shock struts, adjustments, and pivot points) will be development tested for ....
conformance to mission environments and evaluate_1 for design suitability.

Flight body loads will be applied and critical measurements of travel, stress
distribution, response time, and deflection during operation will be compared

with design requirements. In this manner, a design will be verified or a

modification or redesign will be indicated. Conventional static and dynamic

load and operational tests will be conducted in the laboratory under hyper-
environments of reentry, hard vacuum, radiation, and meteoroid impact,

whe re applicable.

Mechanical devices will be installed in house s_r.cecraP. 1 (boilerplat_- _ 14)

and Z (airframe 006) to evaluate performance and compatibility for

improvement of design.

Further verification and qualification of the devices will result from

ground and _Qight testing of the boilerplates and spacecraft which use these
mechanical devices. For example, the recoverable command modules will

provide operational data when the forward compartment cover and heat shield
release mechanisms are subjected to flight loads. Separation devices for the

launch escape tower and modular interfaces will be evaluated during test flight
missions.
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MATERIALS, PROCESSES, AND PRODUCIBILITY

• Producibility and the selection of materials and processes will be

investigated primarily through research and study of pertinent and
authoritative technical literature. In the event that studies are inconclusive,

laboratory tests will be conducted to obtain conclusive evidence and to reach

an objective engineering decision. Of primary interest is the selection of

materials and processes that offer superior strength-to-weight properties.

These include reliability, weldability or bondability, and high resistance to
critical mission environment, such as radiation, hard vacuum, meteo'roid

impact, and reentry.

The major criteria for design and material selection for early

spacecraft will be airworthiness and spaceworthiness as demonstrated in

other programs. The final selection will be made from prequalification on

integrated ground tests and qualification on unmanned spacecraft prior to

i incorporation of material int'othe design of a spacecraft intended for amanned mission.

i WIND TUNNEL TEST PROGRAM

p Wind tunnel test program data will provide an evaluation basis for

the design and performance of the space vehicle, for the spacecraft with

launch escape system, and for the command module during flight from
reentry through recovery. These configuration will be examined for
aerodynamic stability, pressure distributions and air loads, heat transfer,

and structural dynamics.

The wind tunnel test program can be divided roughly in four phases that
_• culminate in providing information for a man-rated spacecraft:

I. Preliminary design data using idealized aerodynamic
configurations for models

_t

Z. Design confirmation with updated models to include effects of

small asymmetries and surface irregularities included in vehicle
design

-: 3. Production configuration evaluation with'updated models to include
final production vehicle design

- 4. Flight test support and modifications specifically designed to

support flight tests or evaluate recommended vehicle modifications
as a result of flight test data.
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Wind tunnel tests with the drogue parachute also will provide stability,

|W drag. and parachute-module dynamics data.

THERMAL PROTECTION SYSTEM

The thermal protection system for the command module consists of

three basic elements: the ablative material, the brazed steel honeycomb

substructure, and the thermal insulation. In general, tests of this system

will simulate, the anticipated flightenvironment of the spacecraft during

boostp abortj earth orbit_ translunar and lunar orbit, earth return+ and

earth atmosphere reentry.

Developmental tests will be conducted by the heat shield subcontractor
to evaluate the ablative material and the composite •heat shield components.

In the early stages of development0 small-scale tests will be made on the
individual materials for thermal and mechanical properties. Subsequent

tests will be performed on composite panels 2 by 3 feet in size. S&ID will

conduct performance evaluation tests (design data and analysis verification

tests) to assure conformance to the procurement specifications.

Included in the developmental and evaluation tests planned for the

thermal protection system are mechanical and physical tests, dynamic tests,
structural integrity tests, and thermodynamic tests. Tensile, shear,

flexure_ compressive strength, specific heart and thermal expansion
coefficient and thermal conductivity properties of the ablative materials will

be determined by these tests. Acoustical and vibrational environments will
be simulated. Mechanical fastenersp adhesive bond, and large composite

panel thermal exposure tests for structural integrity of the heat shield
ablative material and substructure will form an integral part of the develop-

ment program. Thermodynamic tests in plasma-arc tunnels will determine

the performance of the ablative material when exposed to thermal environ-

ments applicable to the Apollo program. Space environment tests will be

performed according to capabilities of the test facilities.

The spacecraft flight and static test program relevant to the thermal

protection system includes airframes 000D 005, and 008. Design
information wiU be obtained for verification of flight environments,

evaluation of ablative and structural components and assemblies_ and for

confirmation of the final design configuration.

The thermal and mechanical properties of the antenna window materialp

cryogenic insulation_ and structural materials will be determined for thermal
analysis for the Apollo spacecraft and systems.
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RELIABILITY

RELIABILITY PROGRAM

The ambitious nature of the Apollo mission dictates that Reliability

Engineering activities be designed to emphasize preventative rather than
curative measures to achieve the extreme reliability and safety objectives.

To this end, the preventative elements of the program concentrate on high-

integrity design; stringent control measures; comprehensive ground testing;

and personnel selection_ assignment, training, and motivation.

The following curative measures will supplement the foregoing

preventative measures:

I. Corrective actions resulting from analyses and reviews of designs,

processes, and controls

2. A rapid-response failure and problem reporting system that
emphasizes recurrence control and evaluatiort of the effectiveness
of such action

3. Continuous program reviews and reorientation as necessary to

establish new priorities and to expeditiously resolve current

problems : _

ORGANIZATION

The Apollo Rellability Engineering Department comprises the following
functional units:

I. Criteria and Evaluation

2. Electronic Systems Analysis

3. Mechanical Systems Analysls

4. Qualification Test

The foregoing are under the technical and administrative direction of

the Apollo Reliability Engineering Manager. Additional support will be

provided by a S&ID Central lleliabillty Unit in the areas of data and

programming_ component technology, safety_ trainingj and research.
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REQUIREMENTS

Mission reliability and crew survival apportionments contained herein

are predicated upon the assumption of a direct lunar landing. Lunar orbit
rendezvous (LOR) missions necessitate a new apportionment of the program

objectives. The re_,ised apportionments will be incorporated in a revision of
this document.

In accordance with Part 3, Technical Approach, of the Apollo Space-

craft Statement of Work, the probability of accomplishing the mission

objectives will be 0.90. Mission objectives, as employed herein, are

predicated upon a lunar landing and earth return mission and include
successful recovery of the crew upon landing. In addition, the probability
that the crew will not have been subjected to conditions greater than the

nominal limits will be 0.90, and the probability that the crew wiU not have

been subjected to conditions greater than the emergency limits will be 0.999.

APPORTIONMENT

The probabillty-of-success objective for the Apollo mission includes

the effects of ground complex; launch vehicle; navigation and guidance

system; and the Apollo command, service and lunar landing module
reliabilities. In order to define initial requirements for the command and

service modules, this reliability objective (0.90)will be apportioned to each

of the major elements. These apportioned reliabilities are as follows:

GOSS complex 0.999

Boost vehicle (as defined by NASA) 0.950

Command and service modules 0.960

Lunar landing module 0.988

The reliability apportioned to the command and service modules

provides the basis for preliminary apportionments for each mission phase,

subsystem, and subassembly. Summaries of the preliminary apportionments
are contained in Tables 4 through 7.

Reliability apportionments in the form of numerical reliability

objectives will be transmitted to the subcontractors in the statements of
work and/or the equipment procurement specifications. A reliable

operating Hfe (based on single-mission capability plus checkout time as

applicable) and a total operating life requirement wiJl be specified.



i
= Table 4. Preliminary Major Element Reliability Apportionment
=- (Lunar Landing Mis s ion)
J
n Apportioned Crew Safety

= Item Reliability Probability

= GSE 0.9999 0.99999

-- GOSS complex 0.999 "_v99999

Boost phase 0.950 0.99994

Command and service modules 0.960 0.9992

_2 Lunar landing module 0.988 0.9999

• Total mission reliability_ 0.900

Total crew safety probability _:'- 0.999

"_Values per Statement ofWork
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0 Table 5. Preliminary Command and Service Module Reliability
Apportionment to Mission Phase

Apportioned Crew Safety
_' Mission Phase Reliability Probability
!

Ground 0.99966 0.99999
Lift-offto translunar 0,99995 0.99999
Translunar 0.9825 0.99965

Lunar approach and landing 0.9988 0.99997
Lunar operations 0.99687 0.99993
Lunar launch to transearth 0.99994 0.99999
T ransearth 0.9824 0.99965

Earth approach and entry 0.9999Z 0.99999
Earth landing 0.99995 0.99999

Mission reliability 0.960
Mission crew safety probability 0.9992

Table 6. Preliminary Command and Service Module Reliability
Apportionment to Subsystem Level

Apportioned Crew Safety
Subsystem Reliability Probability

Guidance and control 0.989 0.99982

Navigation and guidance (0.994) (0.9999)
Stabilization and control (0.995) (0.99992)

"Communications 0.99Z5 _'_

Mission propulsion 0.99977 0.9999?
Reaction control (command module) 0.99996 0.99996
Reaction cont_-ol (service module) 0.996 0.9999? "_
Earth landing system 0.99994 0.99994
Mechsnical 0.993 0.9999?
Structural and heat protection (including 0.99? 0.99995

spacecraft adapter)
Environmental control 0.9935 0.9997
Electrical power 0.9955 0.99997
Instrumentation 0.9955

_Launch escape 0.9978 0.99995

Module mission reliability 0.960
Total crew safety probability 0.999Z

i , . , ,

_Sys_tem reliability not included in calculation of mission reliability

O , , ,, , .
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Preliminary reliability apportionment has been determined for each

mission phase. The apportionment for a subsystem operating during a
particular mission phase is based upon the complexity of the subsystem, its
sensitivity to the environment existing during the phase, and the effect a

subsystem failure would have on crew safety. The total reliability probability
for each subsystem is determined by taking the products of the individual

subsystem mission phase reliabilities. The total crew safety probability for
each subsystem is determined in a similar manner. This apportionment is
shown in Table 8. It should be noted that this approach assumes no
redundancy between systems nor does it account for the influence of men's

actions and override capabilities to enhance the accomplishment of the
mis sion.

The system apportionment establishes objectives required to meet the
defined mission reliability and crew survival probability goals. The
apportionment also specifies the allowable probability of _ailure (one minus
the reliability probability) for a given number of mission hours. The
allowable failure rates will be computed and will be allocated to the com-

poner_'ts in each system by the same techniques used for the mission phase
and system apportionments.

When environmental conditions, operating times, and generic failure
rates have been defined for each component, reliability predictions will be
made and the results will be compared with the apportioned values. This "
comparison will provide a basis for necessary trade-offs between com-
ponents so that over-all objectives can be met.

!"

Reliability apportionment for the ground support complex will employ
methods similar to that used for spacecraft systems. However, consideration

will be given to the equipment types according to mission essential equipment,
operating ground equipment, and support ground equlprrmnt. Each of the
three groups will be further subclassified into ranking gradients of
r eliability-appor tioned values.

DESIGN RELIABILITY

Early in the Apollo design stage, an investigation will be made to
determine the mechanization of each subsystem that will be used to meet the
program objectives. To arrive at optimum mechanization, extensive

trade-off studies will be made between requirements in performance, weight,
volume, reliability, and cost. The mechanization decisions that will be made

for Apollo will be presented in the Apollo Spacecraft Requirements Specifi-
cation (S]I) 62-700-Z).
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I0
An approved parts llst will be established for Apollo systems and will

include applicable Minuteman parts in addition to parts that have sufficient

substantiating data to verify application suitabilityand the required reliability

level. Additions or deletions will be a combined decision of Apollo Design

and Reliability Engineering. The ground support equipment.will utilize parts

from the Apollo standard parts listwherever possible. In addition, a

qualified parts listwilt be established to include those parts from the Apollo

approved parts listthat have been formaUy qualified.

Equipment reliabilityis a function of the environmental and operational

conditions to which the equipment is subjected. A preliminary estimate of

these conditions will be made by design and reliabilityengineers using

classical techniques. Failur_ rates wLII then be determined and compared

with failure rates that were apportioned from mission objectives. If this

comparison indicates that mission objectives cannot be met) various

analytical techniques will be employed to arrive at alternative designs which
will be compatible with mission reliability objectives. The principal

analytical approaches to be used are environmental conditions, derating,

redundancy, design simplification, and parameter drift analysis.

During preliminary design of electronic circuitry, the method of

adding part failure rates to determine component failure rates will be

employed. Other analyses will be required to investigate failure modes

caused by cumulative tolerance build-ups due to part parameter drift rather

than by sudden part failures. There are five reliability tolerance methods

which are specifically aimed at determining the soundness of the design.

These methods are adaptable to large computers (IBM 7090} or small

general purpose computers. Listed in order of sophistication, these
methods are as follows:

Mandex worst-case analysis

Vinil worst-case analysis

Parameter variation method

Moment method

•Monte Carlo method

By representing the circuit as a mathematical equation, the functional

relationship between random parameter variation and circuit output variation

is determined. These analyses, performed in minutes by a computer, closely

simulate thousands of hours of breadboard investigation. Any mechanical or

electromechanical component function that can be described by an analogous

circuit function can be analy_ed by any or all of the five methods listed.
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RELIABILITY, CREW SAFETY, AND DESIGN REVIEWS

The Apollo reliability prograrr_ includes a procedure for assessment
and review of the reliability concept, effort, and achievements throughout

all phases of contract performance. At these reviews, primary consideration

will be given to (l) safety and integrity of systezns, subsystems, and com-

ponents; (Z) conservative designs reflecting the maximum reliability
attainable, consistent with performance, weight, and cost considerationz;

(3) early detection of actual or potential deficiencies, system incompatibility,
arud trends or conditions that could jeopardize flight or crew safety; and

(4) elimination of unsatisfac_-ory conditions through a system of rapid
corrective action.

The Apollo Reliability Manager is responsible for establishing and

chairing a Reliability and Crew Safety Review Board consisting of the

following permanent and on-call membership from the following

or ganiza tions:

Apollo Reliability Engineering
i

Design Engineering

Project Integration

Quality Engineering

Life Sciences (Human Factors)

Material, Components, and Processing

Standards

Logistics Engineering

Systems Test

This reviewing function wilt be implemented within the first six

months of program initiation and will be conducted at milestones commensu-

rate with design reviews. The results of the review and recommendations

will be documented and transmitted to the Design Review Board for
consideration.

O
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A Design Review Board will be establishedconsistingof the following
membership:

Apollo Chief Engineer (chairman)

Apollo Assistant Chief Engineer (as designated)

Quality Assurance Director

Manufacturing Manager

Systems Design Manager and Supervisor

Project Integration Manager

Apollo Reliability Engineering Manager

Formal design reviews will be conducted in three sequential stages:
early development review, design phase review (prior to 100-percent
drawing release), and flight test phase. The Design Review Board will
prepare a report at the conclusion of each review, and final disposition for
each item in the report will be made with recommended corrective action
where applicable.

RELIABILITY MONITORING AND DOCUMENTATION

The Apollo Reliability Manager will be responsible for monitoring the
progress of all reliability activities including preparing and submitting to
higher management all reliability documents and reports. A data center
will be established to act as the sole agency for accumulation, storage,
collation, and processing of all reliability data. Data and reports generated
by this data center will provide a basis for the Reliability Manager to
determine thatreliability/crew-safetyobjectivesare being attained,and
that allwork affectingreliabilityis being performed in accordance with the
program plan.

The documentation and reporting system will provide periodic reports
to S&XD and NASA to permit a continuous accounting of reliabilityprogress
and problems throughout the program. Reliabilitydocumentation and
reporting wiU be done in accordance with the Apollo statement ofwork.
Documentation and reporting requirements will be met by includingthe
desired information in reports required by the statement of work.
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SUBCONTRACTOR RELATIONSHIPS

Major subcontractors will be required to establish a reliability

program in consonance with the Apollo Statement of Work and military

specification MIL-R°2754Z, and to prepare reliability program and

qualification test plans. Plans will be reviewed by S&ID and NASA-MSC.

Reliability engineers with specialized experience in the various sub-

systems will be assigned to monitor reliability program progress at each
subcontractor location. The reliability engineer will provide liaison between
the subcontractor and S&ID, assist the subcontractor in the solution of

reliability and test problems, and furnish the subcontractor with failure
feedback information for corrective action.

Beforea major subcontractor will be authorized to proceed with

production, the following prerequisites will be met:

The design will be _pproved by S&ID for reliability, function, and

manufacturing and quality feasibility.

The subcontractor's quality control and inspection plans will be

approved by S&ID.

The test plans and facilities will be approved by S&ID.

Commensurate requirements and controls will be transmitted to

subtler suppliers.

The subcontractor will have provided indoctrination and training in

reliability and quality for all employees.

RELIABILITY MEASUREMENT AND ASSESSMENTS

S&ID intends that all testing at the part, component, subsystem, and

system level will be used to provide mission reliability and crew safety

data. The qualification test plan for Apollo is a consolidation of a sequence

of tests starting with certain material evaluations and proceeding through

actual flight and recovery o£ the spacecraft. Figure 105 illustrates the

integration of all testing into an over-all test plan. Qualification testing of

materials, parts, components, subsystems, and systems under functional
and environmental stresses wills in general, follow development tests but

will include certain development tests results. Qualification tests will be

conducted to assure that the design will be capable of meeting anticipated

Apollo mission requirements. Other tests on nonflight hardware will

demonstrate the capabilities of integrated systems and the complete space-

: craft and their reliable operation under the performance and environmental

conditions expected during actual flight.
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RELIARIUTYASSESSMENT*

FIRMDESIGN--

I DEVELOPMENTTESTS
5 PERCENT

QUAUFICATION60PERCENTTESTS J

J GROUND SPACECRAFTTESTS J
10PERCENT

i 10PERCENT

[ SPACECRAFTFLIGHTS15 PERCENT

RELIA81LITY ASSESSMENT

*ASSESSMENT--AB_fopEODUCTOFENGINEERINGTESTS

Figure 105. Apollo Test Plan
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Qualification tests will be conducted on an equipment designed for use

in the spacecraft command module, service module, adapter assembly, and
associated ground support equipment. The statistically designed test plan

will provide for the maximum utilization of data from all ground and flight

tests conducted throughout the Apollo program.

Although tests conducted during the development of hardware may be

considered preliminary qualification, formal qualification will not be
initiated until reasonable assurance exists that the equipment will pass

qualification requirements'. The qualification test program will establish

the flightworthiness of the equipment.

Qualification tests will consist of the application of specification

environmental and functional stress levels, performance variability tests,
performance and environmental design margin verification on the hardware.

Confidence in equipment reliability will be developed from these tests and

data obtained from the environmental-proof and house spacecraft, from

equipment acceptance tests, and from tests conducted during the prelaunch

and launch operations. Each portion of the overall test program will

contribute some percentage (Table 4) of the total data used to assess
reliability.

Quantitative and qualitative reliability analyses (logic networks,

criticality ranking and failure mode analyses) will be used to assign testing
priority to equipment that is condisered essential to crew survival and _
mission success.

The principal test effort will begin at the part or component level.

Part evaluation tests will be performed as necessary when data are lacking

and when economically or technically more advantageous than tests at the

component level. However, such tests are expected to be minimized by the

use of resistors, diodes, and other parts of known high reliability in all
-: possible applications. Parts and components will he divided into the

'_ following three categories for qualification test planning purposes:

Category I - This will include newly designed parts or components

_:/; for which no valid test or experience data exist. A rigorous
_ program of testing is planned for these parts.

Category II - This will include existing hardware for which partially

satisfactory prior test and expreience data can he provided or

Category m hardware that is to be modified for the Apollo applica-

tion. These items will be subjected to additional qualification testing.,

the scope of which will depend upon the nature and sufficiency o£

prior data.
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e Category III - This will include existing hardware for which satis-

factory qualification testdata ah'eady exist. Excep: in a few cases,

Category III parts and components will, by definition, require no

further testing. All existing test and experience data, however,

will be carefully reviewed for substantiation of the complete suita-

bility of the part or component for the specific application.

Subsystem and system qualification tests will be statistically planned

to provide reliability evaluation data, performance variance, off-limit

performance, wearout data, and exploration of the effect of such performance
on system functional parameters. Interaction and interface problems

between components and subsystems will also be explored.

Ground support equipment" items will be qualified by a plan similar to

that for spacecraft systems and subsystems. The amount of testing to be

performed on each item will be based upon the criticality of the item and

characteristics of the equipment such as complexity, use history, previous

testing, apportioned reliability, predicted reliability, _nd frequency and

duration of operation.

Flight hardware test data will be processed and analyzed for quick
reaction to malfunction data and for rapid assimilation of trend data.
Malfunctions that occur or are discovered during the tests will receive top

priority for corrective action. On-the-spot failure analysis will be

extensively er_ployed in these tests. Performance limits will be determined

b_ design studies of system requirements and by tolerability and integration

measurements. Operating parameters, measured as a function of time,
will be used to define the traditional go; no-go acceptance criteria.

FAILURE AND PROBLEM REPORTING, ANALYSIS, AND FEEDBACK

Analysis and recording of failures will establish the mode, probable

cause, and effect of failures, and will differentiate between failures due to
the equipment itself and those due to _uman errors in handking, transport-

ing, storing, maintaining, and operating the equipment. On-the-spot

failure diagnoses will be accomplished by a team of engineering specialists,
reliability engineers, and quality control engineers; and reasonable facilities

will be available so that the program can continue without interruption while

analysis is being accomplished on an urgent basis, The method of analysis

and reporting will be compatible with the NASA reporting system.



The failure reporting system will be established as early as possihle

in the design phase and will encompass spaceborne equipment, ground

operational support systems (GOSS), and ground support equipment. The

objectives of this system are the collection, recording, analysis, and
feedback of all failures or problems occurring at the following locations:

Major subcontractors

Suppliers

In-plant design evaluation, fabrication, installation test, and checkout

t Customer-controlled tests and checkout

Off-site installation test and checkout

Customer use on the mission

Analyses will identify failures by type and classification as defined in

the following listing:

primary Self-induced failure of the equipment

Secondary Failure induced by human error or by failure in
other equipment

Cla s s ific atio n

Critical Reliability degrading failure with r_tmifications

in crew safety

Major Reliability degrading failure that will influenct,

accomplishment of the mission or mission objectives

Minor, Failure with no ramification in mission success or

crew safety but which influences the basic integrity

of the equipment and constitutes a nuisance value •
_ or maintenance incident

Failures experienced during test and ground operations will be

interpreted in terms of their influence on mission success or crew safety,

had they occurred in flight.
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Problem and failure reporting for Apollo will be accomplished by using

the procedure and forms that have been proved on the GAM-77 Hound Dog

program. Among the advantages of using this procedure are that problem
and failure reporting disciplines are already established, the system has

been successful on the GAM°77 program, and no retraining is required.

Any new features that Apollo reliability may require as the program develops
can be easily incorporated.

MANUFACTURING RELIABILITY

Failure of equipment in service due to errors in purchasing, packaging,
handling, workmanship, and inspection are as important as failure due to

design. The Apollo reliability/crew-safety requirements necessitate a

stringent manufacturing control program. To accomplish this, a quality

assurance program integrating Reliability Engineering, Quality Englneeringj
and Quality Control has been designed to assure that the quality requirements

are determined and satisfied throughout all phases of contract performance.

The manufacturing reliabilityprogram will provide for monitorlng, control,

and improvement of manufacturing processes to assure that reliability
requirements are satisfied.

This manufacturing program relies on assessment of design, manu-

facturing, and inspection capabilities; documented control of procurement,

O manufacturing, and inspection; reporting and analysis of discrepancies and
malfunctions; and a method for prevention of recurrences.

RELIABILITY INDOCTRINATION AND TRAINING

All Apollo personnel will be selected and assigned tasks on the basis

of past experience, education, cooperation, attitude, and awareness of the

importance to their tasks. Indoctrination, training, and continued evaluation

will be an integral part of the Apollo program. The S&ID Training

Department, in coordination with the Apollo Reliability Manager and the
va_'ious functional departments, will be responsible for in-house and

subcontractor rellabilityindoctrination, motivation, and training.

New employees who will be associated with the Apollo program will

receive at least two hours of orientation on concepts as applied to Apollo.

Supervisory personnel will receive courses in the reliabilityprogram plan,
the Apollo test plan, job instruction training techniques, familiarization

with engineering methods in applicable fields, reliabilitydata analysis and

interpretation, quality control methods, and methods of constructing yield
: charts.
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=_ e All engineers on the Apollo program will receive reliability training
= and will be indoctrinated in the influence of their decisions on reliability

_- and crew safety. Formal courses will be offered covering the various

- technical aspects of reliability, statistical reliability theory, systems and

__--" components analysis, failure allocations, qualification test planning and

:. analysis, data requirements, and methods o£ data analysis.
m

Apollo production personnel will receive specialized training in their
m

_. respective fields. In special skill, equipment, and process categories,

_- certification will be employed in accordance with the provisions sp._cified in

- the Apollo Quality Control Plan (SID 62-154). Certification of inspection and

= of special processes and fabrication (such as welding, soldering, wiring,

__ radiography, magnetic particle, dye penetrant, and bonding) may be
_- reviewed by NASA to verify proficiency in such operations.

m Each supplier or subcontractor will be required by contract or

== purchase order to establish and maintain a reliabilitytraining program
:-" similar to that outlined for S&ID.

HUMAN E.NGIN EERING

_-- A detailed analysis of typical Apollo missions and a description of all

tasks in which the Apollo crew members might participate will be fundamental

to a definition of the contributions of the crew-to-system reliability. The
y_ performance characteristics and limitations of the crew members will be

__ considered during reliability apportionment as an element in system

_- reliabilityto the extent that primary or backup responsibility is assigned
q to them.

i I

: Human engineering analyses will be conducted to provide assurance

that potential sources of human error are minimized in the spacecraft,

ground support equipment, and associated ground operations through
appropriate task assignments. Life Systems personnel will assist in man-

machine trade-offs to ensure that optimum use is made of the crew members
as power sources, controllers, pattern recognizers, and error detectors.

This will permit simplification of certain vehicle systems whenever
reliability can thereby be increased.

Human engineering personnel will participate in all reliability/crew-

. safety reviews and in appropriate, design reviews. Conformity to SID 62-167,

Human Engineering Criteria for Space System's, is a requirement for all

Apollo designs, and continuous analysis and close coordination with design
and reliability personnel will assure this conformance.
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III. SUMMARIES OF PLANS

TEST OPERATIONS

REQUIREMENTS

The test plan fo'rthe Apollo Spacecraft Develo@ment Progrann must
necessarily encompass alleffortrequired to evaluate.andqualifycomponents
and parts, major subassemblies, subsystems, equipment in the spacecraft,
and supporting equipment. Separate test programs have been or will be
established for each major system. In general, these program, s will
commence at the subeontractor's testfacilityat the component and subsystem
level. NAA-S&ID will monitor major subcontractor test programs and will

do performance evaluationand integratedsystems tests of itsown at the
subsystem and system level to ensure conformance to established
specifications. Detailed plans for testing are delineated in _vo NAA-S&ID
documents: "Qualification-Reliability Test Plan" (SID 62-204) and "General
Test Plan" (3 volumes: SID 62-109).

The general test plan is a joint effort of Apollo Engineering Test
Integration and Apollo Test and Operations with Test Integration providing
appropriate engineering requirements for all major ground and flight tests
to be conducted under the cognizance of Apollo Test and Operations.

Portions of the "General Test Plan" relating to the major hardware
ground and flight test programs have been included in the program plan
because of the significance of these tests. Figure 106 indicates the major
hardware proposed for the test program, as well as schedules and missions
of the various ground and flight tests. Figure 107 illustrates that the major
hardware items can be grouped as follows:

I. Ground tests include dynamic test boilerplate, propulsion
spacecraft, static test spacecraft, house spacecraft, environmental
spacecraft, and impact test boilerplatcs.

Z. Air drops include two boilerplates used for confirmation of
parachute recovery subsystems operation.

3. Pad abort tests will demonstrate, evaluate, and qualify the launch
escape system.

4. LittleJoe IIlaunches include boilerplatesand spacecraft launches

_i for demonstration and evaluation of abort capabilities at high
altitude and maximum q, and also verification of command module
structure.

/
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p 5. Saturn C-I launches include boilerplates and spacecraft launchesfor system compatibility verification and qualification of spacecraft
and systems for manned earth orbital flight.

The major hardware test plans are described in the following paragraphs.

SPACECRAFT TEST PREPARATION PROGRAM

Scope

The spacecraft test preparation program consists of planning, schedul-
ing, implementing, performing, reporting, and evaluating engineering tests
on the Apollo spacecraft at the Downey facility. The program is designed to
verify satisfactoryoperation of the individualand integrated systems, as
specified by the NAA-S&ID and the NAA-MSC. The major goal is to have the "

vehicle flight ready and to achieve an extremely high degree of reliability in
all components and systems.

Objectives

The following breakdown lists the major objectives of the spacecraft
test preparation program.

IO First Order Test Objectives

1. Perform tests for evaluation and qualification of individual system
and integrated systems performance and flight readiness, utilizing
field test procedures and techniques

Z. Determine malfunctions and off-limit performance and perform
malfunction analysis to permit corrective action before delivery
to the test site

3. Demonstrate and evaluate spacecraft operational GSE compatibility

4. Determine and evaluate necessary procedures and data to assure

that the NASA-MSC and the NAA-S&ID test requirements and

objectives have satisfactorily been accomplished prior toshipment
to test site

5. Determine and evaluate man-machine interface criteria

Second Order Test Objectives

I. Demonstratealogical development of techniques, procedures, and
facilities

2. Demonstrate crew in-flight test capabilities associated with mission
simulation tests
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p 3. Demonstrate and evaluate hoilerplate interim GSE compatibility
4. Determine and evaluate operation of research and development

instrumentation and commuMcation equipment to be used in all
boilerplates and airframes

Test Requirements

Test requirements for individual and combined systems tests and

integrated systems tests of the various boilerplates and airframes will be

included in the detailed test plans. The test requirements will reflect the

test objectives, which will be tailored for each spacecraft configuration and
mission.

Test Description

The spacecraft flight readiness sequence will be accomplished in two

parts. The first part of the sequence will be performed in the spacecraft

test preparation area at the Downey facility,and the second part of the
sequence will be completed at the test site.

In the test preparation area, a complete examination of the spacecraft

D performed to insure conformance with the
systems and subsystems will be

latest configuration, specificationsj and engineering orders and to insure the
readiness of the hardware for test operations.

Individual tests will be conducted on each system in the spacecraft to

insure the functional operation of the systems and'to verify individual system

performance within engineering specifications. Combined and integrated

systems tests will be conducted to insure satisfactory operation of all
spacecraft systems. Integrated systems tests will include mission abort

sequence simulation to demonstrate the functional capability of the entire
spacecraft before shipment to the test site.

After adequate examination and cleaning of the spacecraft, individual

modules will be weighed and the center of gravity determined. The escape

tower and command module will be aligned and the combined center of gravity

will be determined. The gross center of gravity for the spacecraft will be
computed.

Modifications on the spacecraft will be made, depending on the NASA-

MSC and the NAA-S&ID test requirements. Additional testing will be

performed with the system or systems affected by the modifications to verify

and substantiate satisfactory individual and integrated system performance.

0 The spacecraft will be demated, tumbled, cleaned, and necessarypreparation made for shipment to the test site.
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Facilities

The present test preparation program planning is based on the use of an
area in building ! at the Downey USAF Plant 16 facility, and sub._equentIy, in

an interim area at the Downey facility. Completion of Downey facility

building 6A will enable using the operational GSE and test facility to

accomplish spacecraft test preparation operations, with the exception of

actually firing the propulsion and reaction control systemsp of space

condition operation of the environmental control system, and of usage of the

supercritical gases used in the spacecraft for the operation of the fuel cell.
However, the fuel cell will be operated by using nontoxic gases.

Reliability

The primary objectives of Apollo Reliability Engineering, in providing
support for the spacecraft test preparation, will be to monitor all functional

and integrated tests, accumulating system performance data, system

operating times, and times to failure on the spacecraft and G_E. This

information will be collected in sufficient quantity to establish parameter

drift trends, failure areas, and satisfactory confidence levels, when
analyzed statistically with previous qua!.ification test results.

PREQUALIFICATION FLIGHT DROP TEST PROGRAM (BOILERPLATES 3
AND 19)

Scope

The prequalification flightdrop program will prequalify the parachute

subsystem, from parachute cover ejection through touchdown. Parachute

performance and riser force data, along with command module dynamics,

wiU be obtained from these tests. A C-133A airplane will be used as the drop

aircraft. Drops will be made on land and water, using boilerplate command
modules.

Test Objectives

The objectives of the drop test program are to be accomplished within

the performance capabilities and flightenvironments of the C-133A aircraft.

The objectives are as follows:

I. To evaluate and prequalify the parachute subsystem performance in
the air

Z. To evaluate the operation of the various release0 ejection, and

deployment mechanisms
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IO
3. To evaluate the sequential operations of the subsystems

4. To obtain test data to evaluate the command module dynamic

characteristics and loads during parachute operation.

Test Descriptio n

Command Module Configuration

The configuration for boilerplates 3 and 19, furnished by NAA-S&ID to

Northrop-Ventura, will include the following:

1. Command module boilerplate structure ::

2. Flotation and stability characteristics similar to spacecraft

3. Maintenance and servicing hatches

4. Simulated heat shield

5. Provisions for addition of crew seats and crew support system

6. Parachute compartment cover with lock and release mechanism

7. Hoisting and handling attachments for test use

Nort]arop-Ventura will supply and install the following:

1. Battery electric power subsystem

Z. On-board instrumentation and recorders

3. Radio command and telemetry subsystems

4. Parachute and sequence controller subsystems

5. Special deceleration and stabilization test parachutes

6. Mechanical location aids

Tests

System Verification Tests. Four drops will be performed to verify
proper operation of the subsystems and the satisfactory integral.ion of the

C-133A, command module, and test range operations and instrumentation.
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pre_uali,/ication and Evaluation Tests. To satisfy the test objectives,
fifty-eight flight drops of the command module from the C-133A aircraft will
be performed over a dynamic pressure range q. The range of dynamic
pressures of the dropswill he limited by the C-133A aircraft. Evaluation of
the parachute subsystem over the flight recovery phase of the mission will be
accomplished.

GSE Configuration

GSE will be provided for handling, transportation,checkout, servicing,
and maintenance operations.

Instrumentation and Data

On-board sensors wilt provide data for the telemetry system and for
the backup of on-board recorders. On-hoard cameras wilt record parachute
sequencing and operation. The test range phototheodotites will be used to
obtain trajectory data. Support aircraft will provide photographic coverage
during the in-flight operations. The data will be sufficient to prequalify the
parachute subsystem. Data reduction will be performed by both the govern-
ment test facility and the NAA-SIblD Data Reduction Center at Downey,

II California.

Fac ilitie s

The present planning is based on the use of the government test facility
of the 6511th Air Force Group (parachute) at the Naval Air Facilityat
El Centro, California. The Salton Sea (water drop} facilitymay be required
also. The El Centro testfacilitycan provide allthe aircrafttest support and
other test support required for the program, except for the drop aircraft
(C-133A).

Special Require,ments

The flight drop program will be conducted by the Northrop-Ventura

Division at the E1 Centre tcst range. A C-133Aaircraft and the associated
GSI/I is required by the Northrop-Ventura Division to conduct the program.
Modifications must be made to the C-133A, so that it can be used as a drop
aircraft. The modifications will not require any change to the basic aircraft
structure, it will consist of removal of the aft landing ramp door and the
addition of a freer-mounted carrying and release rack for the command
m odute. Hoistin_ and release mechanisms will be added to the carrying and
release rack. The NAA-SI_ID has subcontracted the design and modification

of the C-133A to the Douglas Aircraft Company, Inc., Aircraft Division.
Long Beach, California. After the completion of the flight drop program, the
C-133A will be remodified to a service condition by the Douglas Company and
returned to the Air Force.
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MISSION ABORT TESTS

Scop._.._e

The objectives of the mission abort tests are as follows:

I. To evaluate flight dynamics of the launch escape system

2. To evaluate the ability of the launch escape system to perform
as designed

3. To evaluate recovery system

4. To evaluate the structural integrity of the launch escape system
and the command module

These evaluations will be made at a series of critical points in the

mission profile. The critical points are: prelaunch, maximum dynamic
pressure (max. q), and hip_haltitude.

Test Description

The test vehicle configuration will vary with the critical point being
evaluated.

For the pad abort tests (prelaunch point), the test vehicle will consist

of the command module, the launch escape towers the escape, pitch, and

jettison rocket motors, and the ground adapter. The ground adapter is

anchored to the launch pad, and the command module with the launch escape
system is mounted vertically upon the adapter. The test is initiated with a

simulated abort signal, the escape motor is ignitedt and the command

module separates from the ad_tpter and proceeds on its flight path. At a

timed interval near apogee, the jettison motor will be started, and the
escape tower will separate from the command module.

The flight path of the command module is governed by the resultant

thrust vector of the launch escape motor and the pitch motor. The recovery

of the command module will be accomplished with the parachute system.

For the maximum q and high altitude abort tests_ the test vehicle

will consist of the command module, the launch escape system, a boilerplate
service module, and the Little Joe II booster. The tests are initiated with the

launch of the Little Joe II booster. For the maximum q abort, the abort is

initiated at a predetermined dynamic pressure. The high altitude abort is

initiated by a time delay device. The actual abort sequences are the same
for all three abort tests.
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The pad abort tests will utilize one boilerplate command module

(hoilerplate 6) and one airframe command module (airframe 010}. The

maximum q tests will also utilize one boilerplate command module

(boilerplate 12) and one airframe command module (airframe 002).

The high altitude test will use one boilerplate command module

(boile rplate 22).

An additional boilerplate command module will be used as a backup

vehicle for boilerplate 6 or boilerplate 12. This will be boilerplate 23.

Facilities

The mission abort test program will be conducted at the White Sands

Mis_ile Range, New Mexico. The facilities will consist of a blockhouse, a

transfer room, a gantry, a hazardous assembly area, and a test support area.
The existing facilities at White Sands Missile Range will be modified to meet

the requirements of the mission abort tests. Optical and radar tracking will
be furnished by the White Sands Missile Range equipment and personnel.

Test Dates

The abort test will be conducted at White Sands Missile Range during

I th'e period between the first quarter of 1963 through the last quarter of 1964. .:

SPACECRAFT ENVIRONMENTAL PROOF TEST PROGRAM

Scope

The environmental proof test program is designed to provide an
evaluation of the spacecraft, including component systems, under simulated

mission environmental conditions. Proof level tests, within practical limits

of test facilities and economy, will be conducted to verify that the spacecraft
can be expected to meet reliably the critical environments to which it will be

exposed duringan actual missior/, as well as during ground handling. These
tests will be conducted in a sequence providing progressive levels of

qualification commensurate with the various flight phases. Since no one

facility can provide all environmental parameters, a series of separate tests
will be conducted with two spacecrafts (airframe 006 and airframe 008).

These tests, in conjunction with subsystem and system level testing, will

provide the desired assurance of the spacecraft's suitability for flight
operation. Test categories are space simulation (thermal-vacuum chamber,
including vibration excitation) and vibration and acoustic tests. Environmental

conditions associated with propulsion operation are included as a portion of the
hot propulsion system test on airframe 001, Compound stresses will be

imposed whenever possible to provide maximum attainable reliability
confidence,
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le Objectives

Space Simulation (Thermal-Vacuum Chamber)

This category is directed toward the following objectives:

1. To verify the operational suitability of a prototype spacecraft

under simulated space environmental conditions of lif.-off, boost,
orbit, and reentry

2. To verify the reliability of a prototype spacecraft under simulated

space environmental conditions and to gain increased confidence in

the suitability of the vehicle for manned flight operatic;ns

3. To determine the heat balance and equilibrium temperature
distributions for earth and inertial orientation at maximum and
minimum energy conditions

4. To evaluate the effects of outgassing during systems operation

5. To evaluate the effects of cyclic heating and cooling on the structure
and systems operation

6. To verify the proper operation, susceptibility to failure, and

interaction of all systems, including wiring, gas line, and fluid
line connections during simulated low-pressure vibration
conditions

7. To determine the vibration transmissibility of the spacecraft
structure, with the absence of aerodynamic damping

8. To evaluate operation and suitability of spacecraft operation under
various conditions of depressurization

9. To evaluate operation of the in-flight radiation instrumer.tation, _:_

dosimetry equipment, and shielding for secondary radiation b-.i!dup
within the capsule <._

Vibration and Acoustic ?

The following objectives are sought in these tests: _

l, To determine susceptibility to failure of the structure, operating

. systems, and equipment of the spacecraft when it is subjected to
simulated service vibration environment

2 To verify proper operation of the spacecraft systems when they are
subjected to simulated service vibration environment

- 394 -

SID 6Z-ZZ3

" ii ir I IIII1 ....... | i IilllliI [" " III II iI ililI I "1[I III



Q 3. To determine nonstressed noise and vibration levels in spacec raft

4. To determine the susceptibility to failure of structure and equipment

supports of the spacecraft when it is subjected to ground handling
and transportation vibration

5. To determine acoustic transmissibility of the command module aud

"service module structures and to determine vibration response of

primary and secondary structures in the command module, service

module, and adapter, when they are exposed to sonic excitation

equivalent to that expected from booster engines, abort system

engines, and aerodynamic noise (launch and atmospheric entry)

It must be noted that acoustic testing of the entire spacecraft is not
scheduled, because interaction between modules will be at frequencies below

the excitation capabilities of the test facilities and interaction between internal

!systems can be evaluated during acoustic tests of those systems.

Test Description

Space Simulation (Thermal-Vacuum'Chamber)

The spacecraft will be mounted in the space-simulating chamber
within a vehicular mount capable of rotating the spacecraft to provide

simulated solar, earth albedo, and earth radiation inputs at varying

spacecraft orientations. The mounting should also include a suitable

method for" isolation of the vehicle from the mount during vibration

testing. The command module will be manned during certain portions

of the tests for operating the manual controls during changeover, to

test the backup redundant systems.

With spacecraft equipment operating and with subsystems set to simulate

anticipated mission duty cycles, the spacecraft will be tested during simulated

earth 9rbital missions of varying durations. Missions will be segmented into
several phases.

The lift-off and boost phase will simulate the pressure versus time :

relationship, with particular emphasis on pressure regulation within the
spacecraft.

The conditions of the simulated orbital phase are included in ",.'able 9.
Table 9.

- 395-

SID 6Z-ZZ3



Table 9. Simulated Orbital Phase Test Conditions

No. of Pressure

Test Condition Duration Runs (ram Hg)

Earth orbit-maximum energy 10 hr 3 1 x 10 -6
(Earth and inertial orientation)

Earth orbit - minimum energy 10 hr 3 l x l0 -6
(Earth and inertial orientation)

Earth orbit mission 24°72 hr 3 1 x 10 -6

Command module leak 90 rain 2 1 x 10 "6
(Earth orbit)

During the operations listed above the spacecraft will be rotated with

respect to the radiation sources to simulate the cyclic heating and cooling
that will be encountered during earth orbits. These tests are the minimum
requirements to accomplish the test objectives and to demonstrate the

performance, durability, and repeatability used in establishing the desired

D level of reliability for satisfactory accomplishment of the first manned flight.

The entry phase will place particular emphasis on pressure regulation
and proper sequencing of recovery systems.

Additional space simulation tests will include the following:

' t

Test Condition Duration

Earth orbit , 14 days

Transit (solar orientation) 10 hours

Lunar mission 14 days

Command module leak 4 days

Space Simulation (Vibration)

The spacecraft will be elastically supported in a simulated space _
environment equal to 1 x 10 -3 mm Hg and vibration-excited in the longitudinal

direction through the adapter structure. Excitation level will be up to 5 g and
will cover the frequency range from 5 to Z000 cycles per second.
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IO Excitation level at each input point and the bidirectional response of

primary and secondary structure throughout the spacecraft must be obtained.

Systems operation will also be monitored. A minimum of three tests will be"
conducted for demonstration of reliability.

"Vibration and Acoustic

Vibration Test of Spacecraft Modules. The individual modules and the

entire spacecraft (with systems operating) will be subjected to service

vibration spectrums through inputs in the lateral and transverse axes. The

operations wiU be monitored for system malfunctions and structure and

equipment failures. Internal and external acoustic levels and panel vibration

will be measured for use in space-flight noise rating analysis. The individual

modules and the entire spacecraft (with systems not operating) will be sub-
jected to ground handling and transportation vibration spectrum to determine

susceptibility to failure of the structure, equipment, and equipment supports.

Acoustic Tests of Modules. The modules will be mounted in holding

jigs for orienting the modules in the acoustic field and for isolating the
modules from vibration greater than 5 cycles per second. Acoustic, vibration,

and strain measurement systems will be utilized to determine acoustic

transmisslbility of the module structure and to determine vibration and

strain response of primary and secondary structures in the modules and

adapter when they are exposed to random broad-band and narrow-band

excitation. ..

Space Flight Noise and Vibration Rating Tests. The command module
will be mounted in a quie't-room facility, and noise and vibration levels, with

systems operating, will be determined. These data, in coordination with the

other vibrations test data, will be used to evaluate the sF_ce-flight
nonstressed acoustic and vibration levels.

Facilities

Space Simulation

The space simulation tests are to be conducted at the AEDC Mark I

facility. Airframe 008, the environmental proof spacecraft with applicable

prototype systems, will be *Itilized. Subsequent phases may be conducted

in the space simulation facility planned for the Manned Space Flight Simulator
in Houston, Texas.

• Vibration and Acoustic

i: The vibration and acoustic tests are to be conducted with airframe 006,

.... the house spacecraft No. 7, which will employ applicable prototype systems.

The NAA-S&ID Engineering Development Laboratory and the Los Angeles
Divisionj Acoustic Test Facility will be utilized.
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b SERVICE PROPULSION PROGRAM

Scope

The spacecraft hot propulsion ground test program will be conducted to

verify the conformance to design specifications of the combined propellant-

rocket engine propulsion systems. This test will also evaluate the related

spacecraft systems interactions during the propulsion systems operations.

Static firings will be performed on the service module propulsion and reaction

control system and on the command module reaction control system in their

installed configurations. Data will be collected to demonstrate reliable

propulsion systems performance for both normal and limit design parameters.

Compatibility testing during propulsion systems tests will include those

spacecraft systems associated with the control or monitoring of the propulsion

systems, GSE and launch site service systems, and the applicable operating

procedures.

The principal test vehicle will be a spacecraft, service module, and
command module with the necessary in-flight systems. However, the service

module main propulsion system will initiallybe evaluated with a service

propulsion test fixture, F-Z. This fixture will provide early assessment of

the pressurization, propellant, and rocket engine subsystem interfaces and
certify the system design. The F-Z fixture will be of battleship construction,

simulating the service propulsion flight configuration. The F-Z fixture

0 program will continue for problem analysis and accumulation of reliability

statistics in support of the Apollo program.

The first operational tests of the electrical power system, i.e., the
fuel cells and their associated cryogenic systems, will be accomplished on

airframe 001.

Safety and operational procedures will oe evaluated and refined

throughout the propulsion test program. Where practicable, GSE and

facilities systems will be identical to, or simulate, those to be used in the

test preparation and prelaunch operations for the flight spacec_'aft.

Objectives

Afrm 001 Test Objectives

The test objectives to be accomplished with airframe 001, within the

limitations of the ambient environment, are:

I. To evaluate and demonstrate the service module service propulsion

integrated pressurization, propellant and rocket engine system
performance under normal and off-limit propellant inlet conditions :_

Z. To evaluate and demonstrate the ,.'ommand module and service

module reaction control systems' performance for uormal and

off-limit propellant inlet conditions

t
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3. To evaluate Apollo propellant handling, thermal conditioning, and

transfer equipment and procedures

4. To evaluate leak detection, purge, checkout, maintenance, and

servicing of the propulsion systems

5. To evaluate techniques and procedures for flight vehicle service

;propulsion and reaction control system (command module and

service module) acceptance

6. To evaluate interactions between the propulsion systems and all

asso.ciated control and monitor systems during operation of the

service propulsion system

7. To evaluate servicing and maintenance of the electrical power fuel

cell and cryogenic systems installed in the service module

8. To evaluate operation and performance of the complete electrical

power system (fuel cell)when operating in a spacecraft under the

e influence of other spacecraft systems

F-Z Test Fixture Objectives

The objectives to be accomplished with the F=2 fixture in support of
airframe 001 are:

1. To evaluate the operational procedures and performance of the

service module service propulsion under normal and off-limit

conditions

?. To determine facility and GSE compatibility with the service

module main propulsion system

3. To evaluate and improve propellant servicing, leak detection,

purge, and checkout procedures

4. To investigate problems and malfunctions evidenced on airframe 001

and flight operations

Test Description

Service Propulsion F-Z Test Fixture

The service module main propulsion system tests_twill be initiated v..ith

the F-Z test fixture. This vehicle will initially be of battleship construction,

simulating the internal size and shape of the flight configuration service
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p propulsion systems. Plumbing and components will he replaced with
spacecraft hardware as it becomes available.

Before installing the F-2 fixture on the firing stand_ functional

checkouts, leak tests, and instrumentation preparation will he completed.
After installation of the vehicle on the stand, facility-GSE-test vehicle

compatibility testing and instrumentation and control calibrations will heaccomplished.

Following system checkout and familiarization tests, propellant

handling tests and system functional operation tests will be completed.

Functional test firings will be conducted to investigate start-stop transients,
systems response, and repeatability for normal and malfunction mode

operations. As one test of malfunction, firing will be conducted with a failed

injector valve and with both high- and low-pressure propellant delivery

pressures, followed by operations with oxidizer-fuel ratios above and belowthe normal two-to-one ratio.

Mission profile tests will be conducted in simulated high-altitude abort,
earth orbital, circumlunar, lunar orbit, and translunar abort missions.

Sufficient tests will be accomplished to demonstrate reliable repeatedperformance.

D It is intended that the F-2 fixture be used continuously for malfunction ,_
and problem analysis, as a result of difficulties encountered during propulsion
systems tests (airframe 001) and during spacecraft flight missions. The test

fixture will be used to develop and prove-out re.odifications to the spacecraftr throughout the program.

Propulsion Test Spacee raft Airframe 001

Airframe 001 will be a prototype spacecraft containing systems of flight
status, except that the main service module engine flight nozzle will not be

employed and sea level nozzles will be used on some reaction control systemstests.

The primary systems to be tested on the spacecraft are as follows:

1. Service propulsion

2. Service module reaction control system

3. Command module reaction control system

t

/
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I@ 4. Propulsion control and display

5. Electrical power systems

The systems which will be subjected to interaction testing during the

propulsion test program are as follows:

I. Stabilization and control system: To be available fuU time for

propulsion control investigation under actual firings

2. Guidance and navigation system: To be installed as required for

integrated systems demonstrations during propulsion firings

3. Telemetry: To be installed as required for integrated systems

demonstrations during propulsion firings

4. In-flight test: To be installed as required for integrated systems
demonstrations during firing of the propulsion syster_

5. Controls and displays: To be installed to support operations of the

above systems and determine interactions with other systems

The supporting systems required during the propulsion test program
are:

1. Service module environmental control: To support the mated closed

command module operation and supporting cryogenic subsystem,
as required.

2. Command module environmental control: To support equipment

operation and human occupancy when a closed command module is

required during service module firings

The service module airframe 001 firing tests will be preceded by a

thorough test preparation and a cold test period for the vehicle and associated

ground support systems. The service module will be instrumented and
checked out in the preparation area at Downey, prior to shipment to the test
site. After its arrival at the test site, the service module will be inspected,

and then it will be installed on the stand for final test preparation, compati-

bility test, and instrumentation calibration with the facility. Leak, purge,

and propellant servicing techniques and procedures will he investigated .

Simulated firings will be conducted for procedure and test control
verification. Con|rot of the service module propulsion system will be

accomplished from the blockhouse for the initial operations.
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The command module will be prepared for test prior to delivery to the
test site and will be processed as specified above for the service module.

•Initial tests will consist of reaction control system firing tests, using manual

remote control from the blockhouse. The stabilization control system will

then he activated and an evaluation of the integrated systems performed.
Programming equipment wiU be used, either to drive a rate table, or to

simulate inertial elements signals, so that flight modes can be investigated.

Spacecraft multiple systems testing will be sequenced to demonstrate

progressively the development of the systems and the man-machine

compatibility. Present plans are to use the command module as a remote

(hard-wire) control station and then progress to a mated spacecraft

operations. Ultimate demonstration of the man-machine compatibility may
require manning of the mated spacecraft during firing operations.

Scheduling requires the propulsion test program to be phased to specific
flight program requirements. The first series of tests will be aimed at

providing verification of the propulsion systems and control modes to ground-"
qualify the spacecraft systems in support of airframe 009, the first _x_anned

• f],ight mission. The second series of tests will provide the confidence level
necessary to qualify the system for airframe 01|, the second manned L.arth

orbital mission. The third series of tests will further demonstrat¢: the

systems operation and reliability in support of airframe 011. The_-L.after,

testing ,rill be extended to demonstrate systems operation and reliability for
extended earth-orbit and lunar-mission profiles.

Facility

The propulsion test program will be conducted at the propulsion test

facility being provided by NASA-MSC at the White Sands Missile Range,
New Mexico.

HOUSE SPACECRAFT TESTS

Scope

House spacecraft testing will be a continuous effort that wil! have three

main phases: system and GSE evaluation, operations development, and
design support. Systems to be tested will include all command mc._ule

systems and the major portion of the service module systems (exclud.ng
actual firing tests of mission propulsion and reaction control motors).

During these test phases, GSE will be evaluated for adequacy of design to
test properly the systems concerned and for the ability of th_ GSE to d_,tcct

apd isolate system failures. System testing with the house spacecraft will be

done with major emphasis on integrated systems testing.
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Data obtained from the continual testin_ of tile house spacecraft systt.l_ls

will be used in determining the suitability and reliability of oh, sign specifi-
cations. The information from the tests will also be used to evaluate, safL.tv

factors in systems design and the reliability of mission success probabiliti_,s.

Simulated mission tests will be'performed to establish specific

reliability, crew safety assessments, confidence levels, and n_an-mavh[nc
interfaces.

The vibration and acoustic portions of the environmental proof ,est
program will be carried out with the second house spacecraft (airframe W:.).

Objectives

Systems and GSE Evaluation

The following objectives will be sought:

I. To assure proper performance of con_ponents and subsystems

2. To verify individual major systems performance under ambient and
certain vibration and acoustic environments

3. To verify system conformance to design specifications

4. To assess GSE compatibility with systems

5. To evaluate requested design modifications

6. To evaluate :ompatibility of GSE with spacecraft systems

7. To evaluate life systems crew equipment and crewstation design
for compatibility with human engineering criteria

Operations Development

The following objectives will be sought:

I. To verify systems integration in, and between, major modules

Z. To evaluate the adequacy of GSE to detect and isolatv system
failure

3. To establish reliability and confidence levels during simulated
flight missions

i
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D 4. To evaluate in-flight tnalntenance capability

5. To determine electromagnetic susceptibility levels

6. To confirm development design modification, as developed during
Phase I (systems and GSE evaluation)

7. To determine suitability of design specifications

8. To verify human performance criteria (handling, checkout, and

maintenance operation_)

9. To determine system performance as a function of operating time

and specific functional inputs and environmental conditions

10. T.;. develop handling and integrated systems checkout procedures

11. To develop operational procedures for vehicle and mission (ground
and flight crews)

12. To verify that all items of equipment and all procedures and

environments are designed for optimum crew safety

10 Design Support

The following objectives will be sought:

I. To evaluate design development changes prior to inclusion in flight
systems

Z, To determine malfunction mode limits and trends

3. To evaluate growth potential of GSE for eventual automatic checkout

capability

4. To analyze system malfunctions occurring during test preparation

5. To evaluate human factors inherent in systems design for ground
and flight crew performance

Test Description

House spacecraft testing will begin with boilerplate 14 (de_iEnated
house spacecraft 1), scheduled for delivery in May 1963. This spacecraft

wilt be a skeletal structure with removable skin. It will permit mounting

spacecraft systems in their proper geometric relationship to each other, _o
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that actual operating characteristics may be determined. This testing will

permit modification assessment on sites within working systems, so that

developmental systems may be properly assessed prior to time of prototype
manufacturing. Much of the system installation will be of a temporary nature

(packaged breadboard) until prototype systems are firmly established. The

systems will be updated to fullprototype as soon as system availability will

permit.

The second house spacecraft (airframe 006) will be a full-prototype

structure and systems to develop integrated systems checkout and procedures.

It will be delivered in March 1964. This vehicle will be used to execute the
vibration and acoustic portions of the environmental proof test program, to

resolve interface problems, to verify intersystem compatibility, to develop

and evaluate operational procedures, and to perform malfunction mode

analysis as the over-all test program proceeds. The first house spacecraft
will be integrated into this phase of testing as the prototype systems are

installed. It will be somewhat limited in that the removable skin will not

permit cabin pressurization testing in the command module.

During all phases of the testing programs the prototype systems will

be updated by modification or actual replacement with production hardware
to ensure that test result data will be valid for the current flight hardware

reliability c riteria.

Facilities

The house spacecraft testing program will be instituted at the Downey

facility building 6 annex, the Engineering Development Laboratory vibration
facilityat Downey, and the acoustic facilityat the Los Angeles Division. A _:

complete set of GSE will be used to handle the test operations of all systems,
with the exception of actual firing of mission propulsion and reaction control

motors. These systems will be tested'with nontoxic liquids or gases to

assess control of the system without violating local safety ordinances.

APOLLO-SATURN TEST PROGRAMS

Scope

The Apollo=Saturn testing will be executed, utilizing both boilerplate

and production spacecraft, with the initial objective of development and

qualification of the spacecraft and systems for manned earth orbital flight.
t Five boilerplates are programmed for flight operations with Saturn launch

vehicles prior to manned Apollo flight operations. Early flights are
programmed for launch vehicle-spacecraft compatibility and environmental
investigations. Subsequent flights are programmed for systems development,
to culminate in qualification of the spacecraft for manned earth orbital

missions.
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i@ Test Description

Testing of those Apollo spacecraft schedules for flight ol_erations with
Saturn launch vehicles will be initiated at the completion of manufacturing
final assembly and will continue throughout flight operations. Test operations
w-:!l be divided into the following general areas: prelaunch operations testing,
launch operations testing, flight operations testing, and recovery operations
testing.

Prelaunch Operations

Downey testing will consist primarily of the installation and calibration
of instrumentation, complete functional checks of individual systems,

calibration of test and checkout instrumentation, configuration updating, and
partial integrated systems "checks. The second part of the flight test
preparation will be completed at the Atlantic Missile Range. It will consist
of individual and integrated systems checks, static firings of reaction control
systems and the mission propulsion system wherever applicable, and altitude
chamber checks. The flight acceptance test operations will culminate in the
final launch-pad integrated checkout of the'launch vehicle, spacecraft, control
centers, and support activities, prior to initiation of the launch countdown.

Launch and Flight Operations

Launch operations will he initiated with the start of the launch countdown,
after all functional checks of the spacecraft, the launch vehicle, and launch

complex GSE are completed. The countdown will consist of two phases: the
prelaunch countdown and the final launch countdown. The prelaunch countdown
will include such items as spacecraft systems functional checks, checks of

abort circuits, spacecraft servicing, electrical hook-up of certain ordnance
items, and final instrumentation checks. Activities which do not lend

themselves readily to a time-critical operation will be accomplished in the
interim period between completion of the prelaunch countdown and initiation
of the final countdown.

Recovery Operations

The recovery operations begin with the first deployment of any
equipment or personnel associated with a recovery force. The entire
operation encompasses the support of the recovery crew, under the technical
direction of the Recovery Control Center (RCC), the Integrated Mission
Control Center (IMCC)° Air Rescue Service, direction finding (DF) stations.
and DOD naval forces.

Upon receipt of impact prediction data from the IMCC, the RCC will
direct the recovery crew, composed of NASA and contractor personnel, to
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the best-known touchdown point. Air Rescue Service and DF stations will

monitor recovery and rescue-aid signals prior to_ and after, landing.

Airborne rescue personnel will be air-dropped to assist the spacecraft if
necessary.

Arriving at the impact site, the recovery crew will, with the necessa.r V
GSE, inspect the command module and deactivate systems or make them safe.
The crew will make necessary repairs and prepare the command module for

airlift to a designated area. The spacecraft crew will be transported to the
designated debriefing area by the fastest available means.

For water reco_'e:_/the nearest RCC will furnish the impact prediction
data to DOD naval forces. Retrieval of the spacecraft and crew will be

accomplished by using ship cargo booms or modified ships service booms.

In the absence of.the regular recovery crew, a retrieval crew will

inspect the command module, deactivate systems or make them safe, and ..
transport the command module to the nearest suitable airfield for airlift

to a designated area; There the recovery crew will undertake completion of
the recovery operations.

Facilities

The Apollo-Saturn tests will be conducted at the Atlantic Missile Range.
Pending completion of presently planned Apollo spacecraft checkout facilities,
interim facilities will be required for early test articles_ Pads 34 and 37 will

be utilized for conducting launch operations.
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QUALITY CONTROL

The objective of the S&ID Quality Control organization is to assure a

quality product at an economical cost in accordance with NASA Quality
Program Provisions for Space System Contractors, NCP 200-2. This

objective is accomplished through management, documentation, and

organization and fulfills the requirements of NCP 200-2.

MANAGEMENT

Quality Assurance is a functional division responsible for all quality
assurance programs and is organized under a single director. To assure

functional independence, the director reports directly to the Division
president and is a member of the Management Council.

The Division Director of Quality Assurance is responsible for Quality
Control, Administration and Planning, Space and Missile Systems Test, and
Reliability.

The Director of Quality Control is responsible to the Division Director

of Quality Assurance. He is responsible for technical guidance by Quality

Engineering and the Quality Control Laboratory and fox" product quality by

the Procurement and Fabrication Quality Control and The Space and Missile
Systems Inspection Groups.

The Apollo Quality Control Manager reports to the Director of Quality
Control in a line capacity and to the Apollo Program Manager in a staff

Capacity. He is responsible for the proper execution of the over-all Apollo

Quality Control Program. His office monitors the program, apprises both

Management and NASA of program progress, and prepares or approves all
,:: quality control reports to the customer.

DOCUMENTATION

Basic quality control concepts are established on the corporation level

by the Quality Control Policy Manual and on the division level by the Policies
and Procedures Manual.

The Quality _ssurance Operating Procedures Manual establishes the

practices for the functional division and defines this organization*s internal

operational methods. Quality Engineering bulletins, Quality Control

I Laboratory bulletins, and Inspection instructions are employed to provide
direction in specific applications.
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ORGANIZATION

The Quality Control orga,_ization provides the technical direction and

inspection services for assuring the delivery of a quality product to the

Customer. Quality Control acts as the "buyer" of the Material Division's

procurements, the manufactured article, and the products conformance

testing. After assuring that the product meets the established requirements,

this organization acts as the "seller" to the customer.

The :responsibilities of the Quality Control department include the

planning and implementation of all operational activities associated with the

control of supplier and in-house product quailty. In general, this effort

includes the direct inspection of products in all stages of completion as well

as all technical support activities. The program has been designed,
developed, _md implemented to prevent variance from the design parameters.

However, when discrepancies occur the program provides the means for their
detection, a comprehensive evaluation of the cause, and a rapid means for

instituting corrective action and assuring the prevention of the same dis-

crepancy _n the future.

QUALITY ENGINEERING

The Quality _,ngilteerlng Section is staffed with engineers and analysts

who are specialists in all areas of quality control program design, develop-

ment, and implementation. They provide technical support to Engineering,

the Material Division, Manufacturing, the inspection areas, and other Quality

Assurance Departments in all matters affecting the quality of company
products.

Design and Specification Review

The Apollo Design Review Board, with the Reliability Manager as
i

chairman, provides the method for assuring that the Apollo spacecraft and
associated equipment meet the contract requirements, the program plan,

the NASA Statement of Work, and the design configuration reflected on the

l_yout. These reviews also include the facilities, operations, and processes

utilized in the program regardless of design origin.

The design phase review is conducted prior to or concurrent with

release of engineering documents based on detail design, drawings, and

specifications to assure that the product can be produced and .inspected.

A team of Quality Engineering personnel is assigned to aid the design

review effort and are responsible for assuring that requirements for

determining and controlling quality are included in the design.
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@
Quality En,_ineering is responsible for and acts as the _roup chairman

for determining the individual part, component, or assendfly identification

and traceability requirements on NASA Contracts. The eroup is compo._ed

of representatives from Reliability, Project Integration, and I)csion :.
Engineering.

Procurement Specification, Process Specification, I_quipment Specifi-

cation, Quality Control Specification, Supplier Control Documents, and all

major subcontractor documents are reviewed by Quality Engir, eering 1o
assure inclusion of quality control provisions and requirements. These may
include the control of a material's chemical and physical properties,

processes, fabrication and inspection methods, personnel training and
certific._tion, and other related parameters effecting quality of product.

"rrainin_ and Certification of Personnel

S&ID training and certification is administered and conducted by the

Training Department. Quality Control is responsible for initiating training

programs for Quality Control personnel. The course outline and content
are developed by the Training Department working in conjunction with

Quality Control Management. In addition, Quality Control provides input
to other training programs where quality provisions and considerations are

pe rtinent.

Inspection and Test Inspection Sheets

Inspection and test instruction sheets (ITl's) are developed for the

purpose of providing specific instructions establishing the methods and
t objectives of inspection and testing, the listing of equipment to be used, and

the inspection acceptance criteria. The quality engineers and analysts

review and approve production orders for accurate interpretation of the

design requirements to provide uniform inspection and test operations and

assurance of compliance with design criteria.

Quality Audits

The Quality Audit Group is responsible for assuring adequacy of pro-

cedural coverage and compliance to the procedures. Specifically, the audit

program purposes are to r_view and evaluate Quality Control Systems,

Procedures, and personnel; to recommend corrective action: and to provide

follow-up to assess results of corrective action. Four types of audits are
conducted, administrative, product, procedural (conformance to documents),

and personnel. Quality audit summary reports will be prepared as required.
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Materials Review and Component Quality Analysis

The SaID corrective action system assures effective review, dispo-

sition, and control of nonconforming material. The quality of parts are

continuously monitored in all stages of procurement, manufacturing, and

test as reflected by failure reports, discrepancy data analysis, _tnd custontt!r

reports. Each deviation from a specificationoccurrin_atany of these sta_cs

is evaluated for cause and need for corrective action. :k single nonconforndn-
material reporting document is used to report and record all action taken

including problem description, circumstances, probahle cause, on-the-spot

corrective action, tests, analysis, disposition of material or parts, and
corrective action follow-up.

QUALITY CONTROL LABORATORY

The Quality Control Laboratory, which is stat;fed with engine_.rs ;tud

analysts who are specialists in all areas of testing and control, provides

technical support to Quality Control, Manufacturing, and Engineering in
matters affecting the quality of SgtID products.

Materials and Processes

The Quality Control Laboratory provides the testing, consultation, and

analysis support necessary for identifying, quall.fying, accepting, and usin_

raw materials investigates and resolves material problems. This group is

staffed with personnel who are skilled in metallurgy, chemistry, and plastics.

The Process Control Group establishes and maintains control of ;_11

processes that affect the quality of a product. This includes such functions

as preparation of control procedures, certificdtion of personnel and

equipment, support to the quality audit efforts under Quality Engineering,

analysis of processing materials, and evaluation of processed parts.

Metrology and Standards

Tl{e Metrology and Standards Group maintains and operates the SaID
Measurement Standards Laboratory, which assures that all measurements

can be traced to the National Bureau of Standards. This group maintains
and calibrates all company working standards and provides calibration

procedures for using these standards in calibrating measurin_ instruments.

A rigid recall system assures recalibration at the specified intervals.

Laboratory Service s

The Laboratory Services supports the Quality Control Laboratory in
preparing test specimens, special test jigs and fixtures, and other items

requiring machine shop work.
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Measurin_ and Calibration

A primary effort of the Quality Control Laboratory is to provide the
customer with assurance in the test equipment or measuring device used by

the company in the Quality Assurance function. Documentation will be main- 4_

tained as a part of the company's contractual obligation to provide the
customer with documented evidence of validity of the evaluation and certifi-

cation for the program.

"Certification is the written and approved attestment that an acceptable

item of test or measuring equipment will perform the required test or

measurement to the specified degree of accuracy.

Test or measuring equipment is notorized as acceptable by placement

of a decal or other marking on the equipment or the equipment document as
evidence of certification.

Procurement and fabrication control is staffed with engineers, analysts,

and technicians who are specialized to provide technical support to receiving

inspection, source inspection, resident Quality Control representatives to
assure quality of procured products.

PROCUREMENT QUALITY CONTROL

Source Selection and Monitoring

Procurement sources are evaluated on the basis of quality history

records and/or quality surveys. If other selection methods are not feasible,

procured items are thoroughly inspected to qualify the sources of commercial

items. Documented qualitative and quantitative evidence is made available

to indicate that a particular supplier has a record of supplying high-quality

articles of the type procured or has the facilities and quality control system

capable of supplying articles which meet the quality requirements. In all

cases, a quality history record of suppliers is maintained, and performance

is reviewed continuously.

This department conducts purchase order reviews to.assure selection

of qualified sources and verifies incorporation of design, reliability, appli-
cable codes, and quality assttring requirements. This is in addition to

procurement specification review, which is accomplished by Quality

Engineering.

Source Inspection

Source inspection is applied where requirements for special, duplicate,

or peculiar environmental equipment would be necessary to forego extensive

disassembly may be required to accomplish the testing at S&ID. Specific
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in-process functions or special circumstances may dictate source inspection
to assure S&ID and contracturM requirements.

Resident Quality Control Representation

A resident quality control representative is stationed in each major

subcontractor facility. The duties and responsibilities of assigned personnel

will parallel those of a source inspector for assurance of product quality.

However, in addition to assistance to the supplier in fulfillinghis contractual

obligations related to product quality, surveillance over the subcontractor's

quality control system will be maintained to assure conformance to NGP 200-2.

Receiving Inspection

The mechanical and electronic excellence of procured items is ensured

by 100-percent reccivlng inspection prior to acceptance for Apollo program

usage. This inspection normally is performed upon receipt at S&ID.
However, when it is expeditious or necessary, the inspection is performed

at the supplier's plant by S&ID source inspectors. This inspection and testing : >ill

is performed in accordance with approved instructions that provide detailed

step-by-step information which includes all criteria required for acceptance.

The materials and components are inspected for identification and

damage, physical, dimensional, hardness tests, and functional requirements.
Both nondestructive (fluorescent penetran%ultrasonic, etc.} and destructive

type inspections are employed as required.

Components and subassemblies are tested under environmental con-

ditions for temperature, vibration, acceleration, etc., as required to assure

product quality.

Upon receipt of raw materials, hardware, and components, copies of

the supplier's reports regarding test results, certification, and physical

and chemical properties are evaluated and compared with applicable specifi-

cation requirements for completeness and accuracy. Inspection warranties

and markings are checked. Random checks of raw materials, and chemical

and physical properties are made by the Quality Control Laboratory to assure

that the supplier's documentation correlate with the material furnished.

Receiving inspection records and analyzes all inspection data and

maintains a complete record of their activities. The data is evaluated for

quality and reliabilityassessment and for corrective action. Rejected

material and components are appropriately marked and segregated for

processing by Quality Engineering material review action.

[ FABRICATION QUALITY CONTROL
t

Product quality is assured by performing in-process inspection of all

work done in the detail manufacturing areas including sheet metal, machine

processing, electrical and electronic subassemblies, and tubing.
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Process Control

Process control is the regulation of processing, fabrication, and

assembling functions at the source to prevent quality degradation. Quality

Engineering is responsible for defining this control and for coordinating the
control effort; the Quality Control personnel in the manufacturing area are

responsible for enforcing controls. The Quality Control Laboratory aids in

defining problems and recommends or establishes preventive measures.

Solderin_ and Welding

Individual operators and inspectors are certified by the Quality Control

Laboratory. The inoline control of soldering is facilitated by constantly
surveying the methods, equipment, and techniques of thL_ operators.

Nondestructive Testin_

Nondestructive testing, such as radiographic examination, florescent

penetrant, ultrasonic, magnetic partical, etc., will be certified by the

Quality Control LaboratOry. All certified nondestructive inspectors are
periodically recertified to assure their proficiency.

Dimensional Tooling

Engineering drawings, master dimensions, loft lines, and tool design
drawings will be reviewed to determine tooling requirements, dimensions,

tolerances, and construction parameters. Progressive tooling inspection

records and their application to the tool under construction will be pro-
planned. Records of all tooling inspection will be maintained.

Systems Measurement Devices and GSE

Fabrication Quality Control will inspect each item of ground support

equipment to assure that it conforms physically and functionally to applicable
documentation and to prove compatibility with other systems. Functional

testing of each GSE component and assembly will be conducted with a compre-
hensive ground equipment test set and with approved documentation and test
procedures. •

SPACE AND MISSILE SYSTEMS INSPECTION

Space and missile systems inspections are conducted by engineers,
enalysts, and inspectors who are instructed and trained in the areas of
in sl_ection, control, and testing.

- ,t 15 -

SiD 62-zz3 .:,

_ "., , , '. inlll" mr I I [ i " I .... i11 ....... i I I '1 " " 1 I " 1 I lil ...... I " " ' I'l Ill"



N OR"/' H A M E R I C A N AV I AT I O N. I N C. sPACP., m_d INI"OFII_IA'I'ION sY_'I'I_Mtt DI_,'I_ION

The product inspection is responsible for all inspection and testing

activities during assembly and checkout of the Apollo vehicle anti through

i_nal acceptance by the customer. Each inspection or test operation will be

pvrformed in accordance with a preplanned inspection instruction sheet as

prepared by Quality Engineering. Applicable variable inspection or test

data and operating times are recorded and will become part of the permanent
record of each vehicle.

Fabrication

The inspection effort will consist of inspecting the fabrication of details,

welding, cleaning, processing, and dir._ensional accuracy using jigs, fixtures,
and templates.

Assemblies

Inspection will verify that all subassemblies and assemblies are

fabricated in accordance with applicable drawings, process specifications,

inspection test instructions, planning tickets, engineering orders, and

standard inspection procedures. Inspection will verify that all parts and

components have been 100-percent inspected prior to assembly and/or

installation. Identification and traceability records will be verified and
maintained as applicable.

Installation and Checkout

Inspectors wiU assure that subassemblies and assemblies are installed

and connected in accordance with approved procedures and functionally tested

to process specifications. Tests will be witnessed and verified by inspectors.

Inspection Sign-off Records

Inspection will accumulate the operating times, part removal and

replacement records, configuration records, discrepancy data, and on-the- :

spot corrective action for sequenced inspection operations. The completed

',_ sign-off records will be retained by Inspection Technical Services as requiredby contract.

Transportation and Handlinp

)) Inspection will assure that dollies and handling fixtures are maintained

and that parts, components, and assemblies are located or tied down in such
a manner as to prevent possible damage of parts.



le
Chan_e Verification

A complete record of applicable engineering changes for the subas-

sembly or assembly item under inspection will be maintained in that inspection
area. Items will not be moved from assembly areas without verification that
applicable engineering orders have been accomplished.

- Inspection Technical Services

Inspection Technical Services will maintain record system for acquiring
inspection data, assign and control serialization identities, monitor engi-
neering changes to assure documentation of article and configuration,

assemble del_verable end-item data packages, and negotiate customer
acceptance of deliverable articles.

OFF-SITE TESTING - AMR

The Quality Control requirements and responsibilities are maintained

to provide assurance that physical and functional characteristics , f materials,

assemblies, and complete end items conform to company and contractual
requirements for off-site testing. Assigned tasks and responsibilities to

satisfy NASA requirements for quality control of Apollo projects areestal_lished.

Systems Test Inspection

Quality Control will perform a complete receiving inspection of the
- spacecraft modules and associated equipment upon arrival at the off-site

location and will docm'nent all in-transit instrumentation.

During the spacecraft modules stage final acceptance checkout, Quality
Control will ascertain accuracy of the test preparations, tests, and other

acceptance requirements to assure compliance with applicable S&ID work
standards and stage final checkout specifications.

Quality Control has authority to remove and update the configuration

record for discrepant components or subsystcrns and will recertify com-
pliance of supplementary required tests with applicable S&ID spacecraft
modules final acceptance checkout specifications.

Y

Quality Control documentation of the spacecraft modules final acceptance
checkout will be in compliance with all contractual requirements and will
include the applicable data.

• When spacecraft modules final acceptance checkout documentation has
been reviewed by cognizant S&ID supervision, Quality Control will submit
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each spacecraft module and associated documentation to NASA for final

acceptance and will represent S&ID whenever inspection functions involve

the customerts inspection representatives.

Technical Services

Off-site testing will be performed in a similar operation to that of

inspection technical services at Downey. In accordance with MIL-Q-9858,

NCP Z00-Z, and other applicable criteria proper preservation, packaging,

packing, marking, identification, and handling of all articles throughout

all phases of receival, storage, and shipment will also be assured.

Effective procedures, instructions, and records will be maintained to

assure that any article offered for acceptance to the customer is preserved,

packaged, and packed in conformance with the contract.

Quality Control requirements for the maintenance of trainers, GSE,

and spacecraft components for the Apollo program will parallel the Quality

Control requirements imposed on the manufacture of Apollo components.

All phases of overhaul, repair, preventive maintenance, and modification

will be accomplished in accordance with applicable S&ID and Government

specifications and will be so performed that the resultant component will

D have been restored to its original serviceability and reliability.

Qua lit.yControl Enslneerin _ and Laboratory

Quality Control Engineering and laboratory personnel will analyze

contract specification and control requirements to assure adequate procedural

implementation of the inspection operation. Additional functions will include

GSE and test equipment calibration and control sampling of propellant, fluid,

and atmosphere for contamination control and analyses. Other functions of

these groups are the initiationand follow-up of corrective action; Government-

furnished property surveillance and control; the monitoring and inspection of

the historical data requirements; maintenance of a precision inspection tool

crib; maintenance of test equipment and a meter room; and support to

Engineering of such services as alignment, hardness testing, dye penetrant

inspection, etc.

The Material Review Section of Quality Control Engineering will provide
material review support for dispositioning and controlling discrepant and
failed articles. This action will consist of, but will not be limited to, on-the-

spot analysis, retest as required, and dispositions in consonance with

requirements.

Random quality control audits of the same nature as those conducted at

Downey to assure continuous, compatible quality operations will be conducted.
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Monthly quality reports and quarter!_, audit summaries will be prepared

and transmitted to Downey for inclusion in reports to NASA. Quality Control

management status reports will be prepared and submitted.

OTHER OFF-SITE TESTING

The quality control requirements and responsibilities necessary to

assure that physical and functional characteristics of materials, assemblies,

and completed end items conform to NASA requirements for quRlity control

of Apollo projects as established by contractual requirements for off=site

testing.

Quality Control will perform a complete receiving inspection of the

spacecraft modules and associated equipment upon arrival at th_ off-site
location and will document all in-transit instrumentation.

During the final spacecraft modules acceptance checkout, Quality

•Control will ascertain accuracy of the test preparations, tests, and other

acceptance requirements to assure compliance with applicable S&ID work

standards and final spacecraft module checkout specifications.

Quality Control has authority to remove and up-date the configuration

record for the removal and replacement of any discrepant component or

subsystem, and will certify compliance of supplementary required tests

with applicable S&ID-final spacecraft modules acc_'ptance checkout
I specifications.

{

Quality Control documentation of the final spacecraft modules

acceptance checkout will be in compliance with all contractual requirements

and wiU include the applicable data.

When the final acceptance checkout is completed, Quality Control will

submit each spacecraft module and associated documentation to NASA for

final acceptance and will represent S&ID whenever inspection functions

involve NASAfs inspection representatives.

i

Technical Services

Effective procedures, instructions, and records will be maintained

to assure that any article offered for acceptance to the customer is pre-
served, packaged, and packed in conformance with the contract.

Quality control requirements for the maintenance of trainers, GSE and

spacecraft components for the Apollo program will parallel the quality

control requirements imposed on the manufacture of Apollo components.

All phases of overhaul, repair, preventive maintenance, and modification
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will be accomplished in accordance with applicable S&ID and Government

specifications and be so performed that the resultant component will have
been restored to its original serviceability and reliability.

Quality Control En_ineerin_ and Laboratory

Quality Engineering and laboratory personnel will analyze contract

specification and control requirements to assure adequate procedural

implementation of the inspection operation. Additional functions will include

GSE and test equipment calibration and control sampling of propellant, fluid,

and atmosphere for contamination control and analysis; initiation and follow-

up of corrective action; Government-furnished property surveillance and

control; monitoring and inspection of the historical data requirements; .-
maintenance of a precision inspection tool crib; maintenance of a test

equipment and meter room; and support to Engineering of such services as

alignment, hardness testing, dye penetrant inspection, etc.

The Material Review Section of Quality Control Engineering will provide

material review support for dispositioning and controlling discrepant and
failed articles. This action wiU consist of, but ,,.,illnot be limited to, on the

spot analysis, retest as required, and dispositions in consonance with

requirements.

Random quality control audits of the same nature as those conducted

at Downey to assure continuous, compatible quality operations will be
conducted.

Monthly quality reports and quarterly audit summaries will be prepared

and transmitted to Downey for inclusion in reports to the customer. Quality

Control management status reports will be prepared and submitted.
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MANUFAC TURING

Immediately after go-ahead was received in December 1961, a manu-

facturing manager was appointed to form the Apollo manufacturing organization.
Under his direction, three basic line departments were created to fabricate,

assemble, and perform checkout opefations on the Apollo spacecraft and

trainers. Existing manufacturing support departments, including ground

support equipment, have been expanded and modified to meet program

requirements. In addition, project groups have been formed within existing
administrative departments to facilitate.pre-planning effort and to establish

the controls peculiar to this program. In all areas, key personnel have been

selected on the basis of their experience , knowledge, and performance history.

TOOLING.

The design and fabrication of spacecraft tooling are predicated upon

0 the high reliability factors o! this program. Close alliance with engineering

has been established to ensure flex.ibility in adapting to expected design and
technical change. The most complex tooling will be those fixtures used in '=

forming, bonding, and brazing of the outer con_rn_nd module heat shields , ..... ::-_

Automatic skate welding and trimming equipment for joining the segments of

each assembly will be used extensively.

Tool Aspects

Tooling for production of the Apollo spacecraft will e_compass the

areas of welding, bonding, forming, and brazing as required to produce

components, structures, assemblies, and modules of Apollo-specified " _i
quality. Insofar as practical, tooling will be designed and fabricated to

high-quality/low-volume production standards. Tools will be designed and

fabricated to critical tolerances to minimize bonding, welding, forming,
and brazing problems during construction.

Special .Tooling

Five areas will constitute the major tool complexities of the command

and service modules. Circumferential welding, cylindrical*section longi-

tudinal welding, adhesive aluminum bonding, high-energy sizing, and
assembly operations form the areas where multiple functions of each tool
will be required.

- 421 -
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"O SPACECRAFT FABRICATION AND ASSEMBLY PROCEDURES

Command Module

The corcwnand module consists of a crew compartment of adhesive-
bonded aluminum sandwich structure enclosed in a brazed stainless steel

heat-shield assembly. The crew compartment consists of two major
assemblies: the aft sidewaU and the aft bulkhead structure complete
assembly, as shown in Figure 108. These assemblies are joined by
automatic butt-fusion-weld joining the inside skins and lap-bonding the
outside facing sheets.

Aft Sidewall and Aft Bulkhead Structure Complete Assembly

The aft sidewall and aft bulkhead structure assembly is constructed of
bonded aluminum honeycomb sandwich, which consists of the inner-shell
skin assembly, aft bulkhead skin assembly, the inner-sheU aft bulkhead skin
assembly complete, and the bond assembly. The sandwich construction
consists of an inner skin assembly, and honeycomb core segments and outer
facing sheet segments adhesive-bonded in accordance with specification to
complete the structural assembly.

Panel, Bulkhead, and Tunnel Cylinder Complete Assembly

The panel, bulkhead, and tunnel cylinder assembly is constructed of
bonded aluminum honeycomb sandwich, which consists of the tunnel cylinder
inner skin assembly, the one-sixth inner skin subassembly (six required),
the panel-bulkhead inner skin assembly, the inner skin complete assembly.
and the bond assembly.

Heat Shield Assembly

The heat-shield assembly is constructed of brazed steel honeycomb
sandwich, which consists of the quarter fairing assembly (four required),
aft heat-_hield assembly, and the sidewall heat-shield assembly. All steel
brazing will be fabricated by a vendor and delivered to the Space and Infor-
mation Systems Division prior to final trim, weld joining, and installation,
(See Figure 109.)

Command Module Final Assembly

The command module final assembly consists of the forward heat
shield compartment, sidewall heat shield assembly, aft heat shield bulkhead
assembly, crew compartment assembly, internal equipment portions, and

I,_IFi:d_ all external components.
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Figure 108. Inner Structure Assembly Sequence
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At the conclusion of structure build-up, each assembly joining com-

ponent installation will be inspected for quality. Control master gauges are

used to mate interface coordination to the launch escape tower and the service

module,

/

The assemblies will be disassembled, cleaned in accordance with

specifications, and delivered to the "white room" final assembly area.

LAUNCH ESCAPE TOWER

The launch escape tower assembly is a fusion-welded, titanium tubing

structure with fittingsat each end for attachment to the launch escape motor

skirt and the command module release mechanism. The completed assembly

will conform to net length with all attach holes made full size and coordinated

to mating assemblies. (See Figure ll0. )

Launch Escape Tower Nose Cone

The nose cone is of steel sheet-metal fabrication. The upper segment

of the cone will be spin-formed. The lower conical segment will be rolled

in two half-sections and fusion-welded to form one truncated cone segment.

The upper and lower segments will be fusion-welded circumferentially and

spin-formed to size. The bolt pattern for attachment to the tower jettison

motor fittingwill be coordinated by a control master gauge.

Launch Escape Structure Skirt

The launch escape skirt is a welded and riveted construction consisting

of four longerons, four aft circular rings, and four skin segments. The

longerons and rings will be fusion-welded, and the skin segments will be

riveted to the longerons. A bolt pattern and circumferential location of

skin segments and longerons for mating to the launch escape motor will be

coordinated by a control master gauge. The aft bolt pattern for mating to

the launch escape tower wiU be controlled by a master gauge.

SPACECRAFT SERVICE MODULE

The major structure assembly will be performed in a vertical assembly

station: into which the bonded aft bulkhead, engine frames, radial panels,

truss structures, heat shields, and radiator panels will be routed for

complete structure assembly. Each assembly, beginning with the lower

sections, will be positioned progressively in the tool and joined by bolts or

rivets to complete the structure. (See Figure I l I. )

•.. 427
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Figure 1I0. Launch Escape Tower Assembly Sequence
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_IRINGPANELS

Figure II I. Service Module Assembly Sequence
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SPACECRAFT ADAPTE_

The spacecraft adapter will be assembled in a vertical position, and

panel assemblies, torque boxes, blow-out panels, and access doors positioned
in the tool and joined mechanically. (See Figure 112. )

ASSEMBLY MATING

Structural Fit-Check

At the completion of the structural assemblies (one for each of the four

modules comprising the Apollo concept), they are delivered to the mating
area for fit-check and alignment procedures. A support fixture, similar to

that utilized for final assembly in the white room, is used for assezr, bly
mating in a vertical position.

Optical ALignment

During the structural fit-check procedures, alignment operations will

be conducted simultaneously to ensure conformance to design data. Theodo-

lites, with levels or auto-colLimators, will be used to check spacecraft
alignment and station-plane values.

After assembly mating and alignment procedures have been cor_pleted /
satisfactorily, the spacecraft will be disassembled and the modules returned /

to their respective assembly areas. There they will be disassembled further

as required for cleaning prior to transfer to the white room for flnalassembly.

TEST AND CHECKOUT

System Components ;

Following final assembly of subsystem components, acceptance tests
will be conducted in the subsystem checkout area. Environment-sensitive

assemblies will undergo functional tests in the critical systems and will be
subjected to simulated environmental conditions. Critical subcontracted

equipment also will be routed to this area for functional checkout prior to
module installation. These tests will be held to tighter tolerances than

' required for a complete system checkout test. Major subcontractor

technicians and engineering personnel will be present in an advisory capacity
during checkout and malfunction analysis and repair.

System components showing malfunction after module installation will

be subject to reconditioning and acceptance in the bench maintenance area.

Components which do not meet the stringent requirements of test evaluation

- 431 -
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Figure I IZ. Prototype Spacecra'ft Ad_pter Asse'mbly Sequence
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IO
will be rejected and returned for analysis and repair. Some test equipment

used in the bench maintenance testing area will be capable of performing

more extensive analysis than GSE for combined systems, acceptance, or
launch operations.

Systems Tests

Manufacturing tests of each system will be conducted while the space-
craft is in the vertical position in the manufacturing test area. This has a

distinct advantage in that systems will be tested in the same orientation plane
as the prelaunch tests on the launching pad.

Factory checkout for separate systems and combined systems will be

identical to, and interchangeable with, GSE used in the assembly area at
Atlantic Missile Range.

Spacecraft Modules

Following module systems installation, the command, service and

adapter module systems will be checked individually in order to be consistent

with module system completeness. (See Figure 1 13. ) Module simulators

will be used to verify interface compatibility. Factory checkout equipment

at this station will be identical to the GSE used in acceptance and preflight
test operations. AI! pressurized systems will be tested with approved leak-

detection methods. The command module will undergo a 7.5 psig pressure
test following instaUation of the proper systems, and will be leak-checked

with a Go E. Hallade Leak Detector or equivalent. Leak and obstruction tests

will be performed on all tube installations, and flow checks performed on all

pneumatic and engine systems. An automatic megger testing operation will
be conducted on aU. wiring.

_YSTEMS INTEGRATION ASSURANCE TEST

After individual systems have passed independent functional tests, an
integrated systems checkout will assure integration of the units into an

operational spacecraft. To ensure compatibility, the integrated systems
must be operated under simulated prelaunch and launch conditions.

For integrated systems operations, verification of telemeter infor-

mation will be transmitted by air link to S&IDts multichannel ground station"

located at Downey_ California. The station, comparable to a launch facility,

• is capable of handling incoming, signals from three telemeters simultaneously.
Manufacturing integrated systems operations will be performed with flight

test personnel phased into the operation during the first part of the program.
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Figure I13. Spacecraft White Room Assembly Sequence
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Laboratory equipment will meet National Bureau of Standards
calibration standards and the functional standards established by quality
control and engineering specifications.

All GSE and factory test equipment (system measuring device) consoles
will be inspected, serviced, and calibrated at regular intervals. Calibration
of measuring devices assures that a "Go" signal will be within tolerances of
engineering specifications.

GROUND SUPPORT EQUIPMENT

All manufacturing and inspection controls discussed for flight hardware
also will apply to GSE. Each component, subassembly, and assembly will be
inspected visually to verify workmanship; they also will undergo assurance
tests similar to those discussed for flight hardware. Fabrication of
components for GSE will he accomplished in the same departments as
spacecraft subsystems. Drawer modules for control, checkout, and
servicing units are enclosed in standard consoles. All electrical, pneumatic,
and fluid connections are located in a recessed panel on the back of the
console. The consoles can be grouped together to form a complete unit
consisting of two, three, or four bays as required.

Functional Testing
,m

Every item of GSE will be tested functionally to verify compatibility
with specific system designs. Functional test operations will be accomplished
by simulating signa!s normally received from, or sent to the Apollo spacecraft.
Signals then will be observed on the console by means of gauges, meters,
lights, or electronic indicators.

Calibration

Electronic and pneumatic measuring devices will be calibrated and
serviced prior to installatlon in the consoles. Each device will be calibrated

and serviced in a complete laboratory and verified by quality control.

Manufacturing schedu:es are listed in Figures 114 through 123.

Manufacturing plans for the Apollo spacecraft are explained in greater
detail in the Apollo Manufacturing Plan, SID 62-102.
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le_i Figure.l 15. Apollo Boilerplate Command Module No. I Master Schedule
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Figure 1]7. Apollo Boilerplate Adapter No. 1, Boilerplate No. 9
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Figure 1_-1. Apollo Spacecraft Adapter Master Schedule AFRM 009
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FACILITIES

The Apollo spacecraft will be developed, designed, and manufactured

by S&ID at Air Force Plant No 16 in Downey. CaLifornia, The development,

fabrication, assembly, test_ and checkout of the Apollo spacecraft and support
equipment will involve the North American Aviation plant facilities described
in the following pages, as well as certain Government, subcontractor, and

vendor laboratory facilities. The facilities and capabilities of the sub-
contractors and associate contractors will be utilized to the maximum extent

possible where they suit the requirements of the program. The Downey
facility is shown in Figure 124.

The Apollo project management office and the Apollo engineering

operations offices and design areas will be located in the Downey plant. Office

space will aiso be provided for the NASA representative and his stall, as well

as representatives of ,u.ajor S&ID contractors.

IO DIVISION LABORATORIES

Semi)Is applied science laboratories, including engineering development_

life sciences, space sciences, and information systems, willexpand to support
the Apollo program requirements.

Engineering Development Laboratories

Existing, relocated, or new laboratory facilities to be operated by
S&IDis Engineering Development Laboratory personnel will be located, either

at Air Force Plant 16, or S&ID's adjoining facilities, in Downey, California.

Development tests performed off-site will be witnessed and monitored by
S&ID personnel.

The Downey division laboratories will provide testing services to

develop and advance the state-of-the-art in prototype, design proof,

qualification, reliability, and quality verification. Equipment and spacecraft

systems will be subjected to simulated service environments, including static
and dynamic loads, transient temperatures, acoustics, acceleration, shock,
salt spray, humidity, fungus, sand and dust, solar radiation, cold sink of
space, and altitude.

An impact test facility will be required early in the program for the

purpose of simulating land and water impact and testing recovery aids, water
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egress, flotation, and logistics recovery. This facility will be constructud at

the Downey site. The steel structure will be demountable construction to
facilitate relocation.

A general purpose environmental laboratory for high-temperature
processing, material properties testing, and general environmental testing

will be established by relocating existing equipment into the former

Autonetics Division Laboratory, building No 18. located at the Downey site.

Funds will be requested from NASA for special environmental equipment to

be installed in this S&ID building.

A Space Systems Development Facility laboratory will be established

for the Apollo program. This NASA-financed building will house special

vibration and shock equipment, an acoustic faci',ity, a general purpose

dynamics test area, a space simulation test area, an electrical power system

and environmental control systems test area and a breadboard development

and electrical checkout area. The environmental control system test cell will

contain a bell-shaped vacuum chamber 18 feet in diameter. This chamber

will accommodate the command module and space radiators. It will provide

for the simulation of flight profiles and for the removal of water vapor

_@ emitted from the commar " module during certain tests. The acoustic facilitywill include an existing acoustic chamber plus a new progressive wave

chamber capable of producing white noise with sound intensities of 170 db and

a large and a small quiet-room. These latter items will be required to

support the Apollo program and are to be provided by NASA. Existing shakers

will be relocated in the dynamics test area, as well as new shock testers,
electrodynamic and hydraulic shakers, and other equipment.

An annex to the Space Systems Development Facility will he separately

constructed to provide for development and verification testing of the

spacecraft reaction control systems, including live firing of the reaction
control motors in reinforced concrete test cells.

Laboratory facilities for navigation and guidance to be used by

Massachusetts Institute of Technology will be installed in an existing building i_
on the Downey site. A guidance and control systems laboratory to synthesize

breadboard tests, to examine modulation schemes, to analyse tests, and to

evaluate switch logic will also be installed in an existing building at the
Downey site. An anechoic chamber and necessary screen rooms will be

constructed into the expanding electrical and electronic laboratories. Several

laboratory functions will be relocated to other buildings on the Downey site to

permit expansion of adjacent laboratory areas.
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Life Science Laboratories

Division laboratories for conducting analytical and experimental studies

on physiological processes, beh_vloral processes, and bioastronautics, and

for developing specialized hardware and techniques for life support, space

systems, and flight sciences will be provided. Laboratories for conducting

applied research and development in the fields of sensors and pattern
recognition and laboratories for developing displays and components for

detection, tracking, and data processing will also be prov/ded. Initially, the

Life Science Laboratories were established in a leased facility in Torrance,

California. These laboratories wilt be relocated to Building 5 at the Downey
site when they become available.

Maximum use will be made of existing laboratory facilities of North
American. The highly specialized laboratory facilities of other NAA divisions

will be utilized as required. For example, radiation tests will be performed

by Atornics International. North American's Aerospace Laboratories in

El Segundo, California, will be used to support the Apollo program, including
the nonmetallics laboratory, the chemical laboratory, the thermodynamics

laboratory and the sonic testing facility. The sonic testing facility will be

modified by NAA to produce narrow-band discrete frequencies to pressure

levels up to 170 db for Apollo testing. This acoustic chamber, housing the

world's largest catenary horn, will provide simultaneously acoustical and

mechanical vibration at elevated temperatures for Apollo development tests.

The construction of a Company-financed, hard-vacuum space chamber
at the Aerospace Laboratory is nearly complete. The facility will be used to
support the Apollo spacecraft program. The stainless steel chamber will be

15 feet in diameter and 26 feet long, and it will be housed in a 50- by 60-foot
building. Its ultimate vacuum pressure capability will be I x 10 -8 mm of
mercury.

AEPOTHERMODYNAMIC TESTING

A highly concentrated, aerothermodynamic test program'is proposed
for the Apo_Ito spacecraft design and development. A list of recommended
wind tunnel test facilities is presented in Table Io

COMPUTER AND SIMULATION FACILITY

Although S&ID's present computer facility is well-balanced from an

operational and environmental standpoint, an additional IBM 7090 digital

computer and five additional sections of an analog computer will be provided

on the site, until a planned simulation and information processing center is

Ill ,+_@ completed.
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D
Prior to the completion of this new facility, an area will be allocated

next to the existing computer facility to allow al_=_log computer tie-in with

the semi-hard mock-up and with the llfe science mock-up. These computers
and simulators will be relocated to the new simulation and information

processing center, which will also have the following additional simulation
facilities. Two engineering simulators of Apollo command modules will be

provided for mission simulation, including rendezvous, earth and lunar orbit.

and lunar landing. A planetarium, visual simulation laboratory, observation
room, environmental chamber, attitude control simulator, navigational aids

area, ground support equipment area, flight table area, fabrication calibration
area, an attitude and control systems test ce11, and a controi center area are

planned to support the total m_sslon simulator studies.

PROPULSION SYSTEMS DEVELOPMENT FACILITY

This facility will be located on the White Sands Missile Range near
Las Cruces, New Mexico. Major facility developments are described in the
following paragraphs.

Test Stands

II Two test stands will be constructed to support the Apollo spacecraft

during testing operations. One test stand will support the service module

propulsion system during the hot firing development testing program, and the

second stand will support the assembled command and service modules during
combined systems operations hot firing conditions. An umbilical tower and

boom will be installed to service the umbilical connections on the spacecraft,

and a gantry crane will be provided to position the spacecraft. Terminal

rooms will be provided at each stand for short run cables connecting the long
run cables from the control center to the stands. An adapter will be installed

over the flame bucket to support the spacecraft and a thrust measuring system
will be added to indicate engine reaction and thrust. The stands will be

constructed to permit full-engine gimbaling. A ground control station will be
constructed to house the propellant transfer units that will be used to tank the

spacecraft prior to static firing tests. A Firex system will be installed to

protect the spacecraft and structure against damage from fire and explosions
resulting from spillage.

Test and Range Facilities

The site of the proposed Propulsion Systems Development Facility is in
a remote area of the White Sands Missile Range. Therefore, requirements

such as.ambulance service, fire protection, cafeteria, shop facilities,
reproduction, etc., must be provided.
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Control and Instrumentation Center

A new building will be constructed to provide an area for the equipment
and activities needed to conduct tests and acquire data on f_ring operations.

Room will be provided for twenty two-bay consoles. A closed-circuit tele-

vision system for observation of the test stand during actual firingwill be
installed. Provisions will be made for recording equipment to re_;ster

approximately 400 measurements on the spacecraft during the test r::._s.This

building will be air-conditioned to provide for proper operation of eq=t:.pment

and comfort of personnel.

Service Building

A new, general-purpose building will be constructed to provide facilities

for spacecraft and ground support equipment preparation and maintenance and

office space for personnel. It will be located at a safe distance from the
stand.

Liquid and Gas Storage and Transfer

Facilities will be installed to store and transfer liquid and gas

propellants, pressurants, fuels, and refrigerants, with the necessary transfer

equipment for loading the spacecraft. Adequate prote:ctionwill be provided

for both personnel and equipment at the transfer points.

Additional Service Facilities

The necessary roads, grading, embankments, water, sewage, and
electrical services will be provided for this facility. Standard safety
considerations will be followed.

DATA GROUND STATION

A new pulse coded modulation and pulse amplitude modulation data

acquisition and processing system will be installed in building No. 6 on the

Downey site. This area will be located adjacent to the final assembly and

systems integration and checkout facility. The data reduction station and

computer-plotter area will be noise-controlled and will have a raised floor
for cable distribution and for installation of air-conditioning plenum chambers.

The data reduction station will house approximately forty different electronic

systems of various sizes. This room will have complete copper-screen
shielding against radio frequency interference. Adjacent to this area will be
the data review and information center, the projection and viewing room, a

dark room, and a maintenance and storage area. The location of the data

ground station in building No. 6 is shown in Figure IZS.
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Figure 125. Data Ground Station Location in Building No. 6
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iD The building modification for the new ground station will include the

installation of the raised floor, air-conditioning for clean, temperature- and

humidity-controlled air, acoustic walls and ceilings fnr noise control, and

regulated and unregulated power.

BONDING AND TEST FACILITY

A new building will be constructed at Air Force Plant No. 16 in Downey

to house the bonding and testing facility, which is comprised of storage, core
fabrication, cleaning and processing, adhesive preparation, prebond assembly,

autoclave bonding, and inspection operations. The new building will be

approximately 130 feet by 180 feet by 30 feet high, separated into two 50-foot
spans and one 30-foot span, with partial mezzanine coverage over the 30-foot

span for offices and rest rooms.

Bridge crane service will be provided throughout the facility by four

separate bridge crane systems, three two-ton 48-foot spans and one five-ton

40-foot span, all with 24-foot hook heights.

Two autoclaves win be utilized for the bonding operations because of
the irregular size and shape of the articles to be bonded. One autoclave will

be a IZ-foot-dlameter. 20-foot long, end-loading cylindrical type; whereas,

DO the other will be a specially designed 15-foot-diameter, 18-foot-deep pit
mounted top-loading type.

The cleaning and processing area of the facility wilt house a vapor

degreaser, etch tank, and rinse tank, all of which will be pit-mounted and

have a usable area of 7 feet by 18 feet by 12 feet deep. as well as a 15- by
20-foot gas-fired curing oven and a paint spray booth.

Refrigeration and air-conditioning equipment will be required for the

storage, preparation, and use of adhesive materials in the bonding process.

Partial occupancy is expected in April for the major equipment items,
with building completion scheduled for I May 1963.

TRAINING EQUIPMENT FABRICATION

An area of approximately 32,000 square feet has been aIiocated to

training equipment fabrication in Building No. 43 of the Compton facility.

This area supports the following ope_at'_ons: raw stock storage, detail parts

fabrication, structural assembly, precision mechanical assembly, electrical

wire build-up, electrical and electronic subassembly, functional testing,

equi[_ment installation, systems checkout, and necessary offices to support
the operation.
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0
Major facility items to be installed in this area include a potting room

19 by 30 feet, a 4-ton self-supported, top-rider, bridge crane of 25-foot span

and IZ0ofoot run and 16-foot hook height, a 6-foot by I/4-inch capacity gap

shear, an 8-foot by I/4-inch capacity press brake, a 2-inch-diameter capacity
tube bender, an NAA-designed tube welder, electronic test equipment, motor

generators to supply required test voltages, and environmental air generators
to supply cool air to training equipment computer bays.

It is anticipated that skeleton operations will begin in April 1963. The
area will become fully operational by 5une 1963.

SUBASSEMBLY, ASSEMBLY, AND MOCK-UP

Subassembly, assembly, and mock-up, which consist of the fabrication

of mock-ups, boilerplates, and spacecraft, will be accomplished in
building H_. I at Downey.

Approximately 90,000 square feet of manufacturing area will be used
as follows:

e Mock-up fabrication - 18,000 square feet
Boilerplate fabrication - 30,000 square feet

Spacecraft fabrication - 42,000 square feet

Existing facilities will be used as much as possible. Relocation of secondary

utilities and equipment will be required to prepare the area for occupancy.
Existing bridge cranes will be fully utilized. However, additional cranes

will be added in both high- and low-bay areas to support requirements.

RADIOGRAPHIC FACILITY

An extension to the existing X-ray building is required to provide a

facility for radiologicaI inspection of welded structures and components used
in the fabrication of the service and command modules.

The building (24 feet by 80 feet by 16 feet high) will be erected adjacent
to the north wall of building 134, Downey. The new addition will contain an

X-ray room (I I00 square feet) and a storage and handling room (900 square
feet). A metal sliding door (16 feet by 14 feet) will be located at each end of

the building, and the X-ray room door and the pedestrian door will he lead
lined.

Protection from primary and secondary radiation will be in compliance
with applicable local and federal codes. Reinforced, I2-in_h-thick concrete
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block, filled with concrete, will be used for exterior walls where X-ray
protection is required. An internal partition dividing the X-ray room and

preparation areas will consist of metal studs, lined with l/4-inch.thick sheetlead to a height of 10 feet.

PLASTER MASTER FACILITY

A facility is required for modification and maintenance of master

models of the command and service modules. They will be constructed of

thermally stable piaster. The models will be transported on heavy-duty carts.

The piaster master facility will consist of a conventional I00- by
60-foot, Z0-foot-high, prefabricated steel, rigid frame building with metal :"

siding. The building will be located adjacent to existing Building 699 and

700 in the preflight area. The building structure will contain a 16- by
16-foot metal sliding door at each end, pedestrian doors, flashing, and a rain

gutter where the addition adjoins the existing structure. A (>-inch reinforced

concrete slab and foundations will support live and dead structure loadingsand piaster master wheel loads.

GROUND SUPPORT EQUIPMENT FABRICATION

GSE equipment will be fabricated in the 131,000_square_foot Slauson

facility leased by NAA. Fabrication of GSE workstands, adapters, covers,
slings, alignment and weighing fixtures, supports, transfer units, and other
associated equipment will be achieved in a Z57,000-square.foot area of
Air Force Plant No. 3, Tulsa, Oklahoma.

Fabrication work at Slauson will consist of building pneumatic consoles,
hydraulic consoles, electrical consoles and panels test sets, wire harness

assemblies, vacuum systems, and other associated equipment.

Wire harness assemblies will be fabricated in existing manufacturing
areas equipped with the latest up-to-date equipment. Recently developed
materials of all kinds are available for drawer, console, and structurelab r ic ation.

: The Slauson facility is equipped with 10,000-pound bridge crane, which

will operate over 37,000 square feet of floor area. Lighting in assembly
areas is a minimum of IZ5 foot-candles at the working surface level. Low-
and high-pressure tubing fabrication to a maximum of three inches in

diameter can be accomplished with existing equipment. In the final instal-

lation and checkout area, either a line-flow or a station-build.up type of

operation can be effected, because of the flexibility of the existing layout.
Temperature- and humidity-controlled functional test areas are available for

@ checkout of GSE. 'i.

- 460 - _ • .

S ;.D6z-zz3



NORTH AMERICAN AVIATION. INC. _ 8PACEItrldiNFORMATIONSYSTI_MSDIVISION

It will be necessary to rearrange present areas, utilities, and facilities

to integrate Apollo GSE fabrication into existing layouts.

SYSTEMS INTEGRATION AND CHECKOUT FACILITY

A new facility will be constructed for systems integration and checkout.

The existing 320-foot-wide building No. 6, Downey, will be extended 261 feet
to the west. This new building will be of rigid frame construction with

exterior wails of reinforced concrete and protected metal. This addition will

include a white room area 113 feet by 320 feet. The white room area will

consist of a 70-foot high bay, 63 feet by 350 feet, and a 45-foot low bay,

50 feet by 320 feet. The high-bay area will have a 15-ton bridge crane, with
a 55°foot hook height. The low-bay area wilt have a 10-ton bridge crane,

with a 35-foot hook height. An air lock at each end of the low-bay area will

provide ingress and egress to the white room area. These air locks will have

10-ton fixed position crane coverages, with 35-foot hook heights.

The white room area will be flanked on the east and west sides by two-

story support areas. The west support area will be approximately 50 feet

by 350 feet by 36 feet high. Eight control rooms will be located in the

upstairs portion. Each control room will have a corresponding equipment
servicing room on the first floor. The second floor will also house a data

recording room.

The east support area will be approximately 94 feet by 320 feet by

37 feet high. The first floor will house subcontractor operations, bench

maintenance, systems support, GSE maintenance, a general foreman's office.

a lunch room, a locker room, restrooms, and building equipment rooms.

The second floor will house a white room area for subassembly operations,

calibration crib, subcontractor offices, house spacecraft and flight test
engineering offices, building equipment rooms, and restrooms.

This addition to building No. 6 should be complete and operational by
1 October 1963. As an interim measure an area of approximately

10,000 square feet in building No. 1, at Downey, is being set up for boilerplate

systems.integration and checkout. Of this area, 7700 square feet are high bay

and will b_tsed for systems installation and systems checko-at. The
remaining _00 square feet are for bench maintenance and systems sub-

assembly. T'his area should be fully operational by July 1962.

The integration of modules and escape towers, the checkout of the

various systems, and the checkout of instrumentation will be a_.c,_mplished in
the existing hydrostatic test tower. This ! 10-foot tower is equipped with a

bridge crane capable of handling Apollo modules. Power and equipment will

be required to checkout subsystems and instrumentation for this operation.
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First- and second-floor layouts of the building 6 addition are shown in

Figures 126 and 127.

PROGRAM MANAGEMENT

The Apollo Program Manager's office and the program management

supporting functions will be located in adjacent areas in building No. I, at

Downey. The supporting functions include:

Contracts

Material

Facilities

Associate Contractor Relations

Quality Control Management

Program Control

Office area for the NASA Apollo representatives is being provided near

the program management offices. Offices for the associate contractors' and

subcontractors' representatives will also be provided in this same area, or

in building No. 6, near the engineering group.

_. ENGINEERING

Apollo engineering operations offices and design areas will be

consolidated primarily in building No. 6, at Downey, immediately adjacent

to the systems integration and checkout facility. Approximately

180,000 square feet of this building will be utilized by the Apollo engineering
group. Additional area for the expected growth of the engineering group will

be provided in building No. 1.

To provide adequate office space for Apollo program engineering

personnel, building 6 will be modified as necessary to up-grade existing shop
and laboratory areas to office standards. An existing white room area will

be retained for clean-room, laboratory-type operations. Specific modifi-

cations required include installation of suspended acoustical ceiling, tile

floor, permanent partitions, air-conditioning, fire sprinklers, and light
fixtures in _nbstandard areas. An area on the first floor of this building will

house the d_a ground station.

TRAINING AREA AND CLASSROOMS

An arev of between 15,000 and 20,000 square feet will be assigned for

training area and classrooms. This area will be divided into formal and

practical classrooms. The formal classrooms will be used for briefings,
indoctrination, and lectures related to crew missions and systems training.
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The practical classrooms will house maintenance and simulation trainers,

large training-aid devices, and supporting GSE.

MOCK-UP DISPLAY AREA

It is planned to have a permanent mock-up display and modification

area. The purpose is to provide a place to retain, modify, and display all

qf the non-deliverable mock-ups.

ATLANTIC MISSILE RANGE

Facilities will be required at the Atlantic Missile Range for inspection,

checkout, test, and mating of the spacecraft with the booster.

Upon arrival at the range, the modules will enter a receiving area for

inspection and preparation for checkout. The receiving inspection will include

a configuration review down to the subsystem module level. A clear white
room is essential for this operation. Functional checkout operations will

• require electrical interconnecting of the spacecraft modules and ground

support equipment necessary for the service and command modules.

Approximately I0,000 square feet of clear white room area will be needed for
functional checkout operations. After the initial inspection and checkout, the

horizontal and vertical weight and, center of gravity will be determined for the
modules. Then the modules will be removed to a remote area where the

launch escape motors will be assembled.

Next, the spacecraft will undergo a series of tests in another remote

facility, during which the reaction control system will undergo functional hot

firing tests and leakage tests. The environmental control system will also

undergo functional tests and fuel cell leakage checks.

The hermetic property of the command module will be verified by a
series of checks in altitude chambers before and after a static-firing test.

Two altitude chambers with control and checkout areas will be required.

A test stand will be needed for the vertical-mated module firing•

Storage will be required for propellants, cryogenics, gas, etc. A control
room will also be required. Static-firing tests will be conducted, either from
this control room or the command module itself.

Following static-firing and altitude chamber tests, the spacecraft will
be moved to the vertical checkout facility. The test configuration will consist

of an S-I stage and S-Z stage simulator, adapter, service module, and
command module. A simulated countdown wiU be performed and will be

D followed by a simulated flight, Currently, it is planr_ed to do vibration checks,as well as weight, balance, and center-of-gravity checks st this facility.
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The spacecraft will then be moved to a vertical assembly building for

physical mating with the actual multistage Saturn booster. FoLlowing vertical

assembly, the spacecraft will undergo high-pressure leak tests of cryogenic,

pressurant, and propellant systems.

Following the fluid systems checkout, the spacecraft will be moved to

the arming tower for the installation of the recovery subsystem, the ordnance

items, the escape tower, and the loading and alignment of solid rocket motors.

Contractor requirements at the launch site include space in the control

center for ground support equipment pecutiar to the operation of the space-

craft and provisions on the gantry and umbilical towers for the handling and

servicing functions. Facilities will be required for storable propellants.

GROUND OPERATION SUPPORT SYSTEMS

Ground operation support systems will provide support to Apollo flight

operations by predicting and monitoring vehicle trajectories from launch to

• recovery, by monitoring crew status and vehicle systems performances, by

maintaining the vehicle-earth communil.ation and data links, and by

maintaining centralized control of the GOSS stations.

i GOSS stations will be located and equipped to provide maximum contact

with m_nned orbital flights and to supply tracking and communications during

injection and reentry. The stations at the primary recovery sites will be

prepared for landing and recovery operations for a three-orbit flight.
Alternate sites will be prepared for one- or two-orbit flights.

GOSS performance and equipment requirements will be jointly

determined by NASA and S&ID and implemented by a NASA subcontractor.
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LOGISTICS

This section summarizes four Apollo logistics documents: Maintenance

Concept, Maintenance Plan• Support Plan, and Training Plan. The ApoLlo
Maintenance Concept delineates the general requi--'ements and considerations

for the accurate formulation of support planning. The Apollo Maintenance

Plan provides specific information relative to the types• phases • levels,

and locations of maintenance reqt*ired to implement the Maintenance Concept.

The Apollo Support Plan similarly specifies in detail the system and methods

necessary to provide timely and adequate support of Apollo test and oper-

ational functions. The Apollo Training Plan encompasses training require-
ments for the flight crew and the ground operations and maintenance

personnel.

MAINTENANCE CONCEPT

In conformity with the Test Plan and the Operational Plan, the Mainte-

nance Concept outlines the S&ID policies pertaining to the maintenance of

the Apollo spacecraft and related ground support and training equipment.
It provides the feasible methods of a system of maintenance to ensure the

accomplishment of test objectives and the achievement of reliability goals.

MAINTENANCE PLAN

In accordance with the Maintenance Concept• the Maintenance Plan

will include maintenance objectives, levels of maintenance, and maintenance
analys is.

Maintenance Ob)ectives

The principle objective of the Maintenance Plan is to establish a level

of maintenance in keeping with economical, timety, and reliable support of
the test objectives and to identify the areas and levels of maintenance to all
concerned.

Levels of Maintenance

To establish and maintain the highest degree of reliability, three

levels of maintenance have been established: systems maintenance,
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D replaceable package maintenance, and contractor factory repair and over-
haul. These levels of maintenance were established based on the

programmed GSE at each maintenance location and in keuping with the
feasibility of repair.

Systems maintenance is that maintenance performed at a test site and
includes servicing, adjusting, and repair by removal and replacement of
replaceable packages. This maintenance is performed with the available
GSE to certify the system,

Replaceable package maintenance is maintenance performed on major
subassemblies. This maintenance will normally be accomplished at the
bench maintenance area of a test site and will be limited to minor repair and
certification.

Contractor factory repair and overhaul is maintenance of replaceable
package components and subassemblies using the factory resources of the
contractor, the subcontractor, and the supplier. This is an unlimited
capability.

Maintenance Analysis

O support subcontractors, will develop and maintainS&ID, with the of the

a maintenance analysis that will generate the basic information necessary
for a logisticsupport program. This program willinclude operations and

maintenance data, supply support data, support manuals, and training plans.

SUPPORT PLAN

Material (Spares) Support

S&ID will identify and provide the material and services to support the
Apollo test program as specified in the NASA statement of work. The

objective is to ensure that complete material and spares support is available
to the level determined by the maintenance and test plans. Policies and
procedures developed for in-house control of the effort will be similar to
those required at oH-slte facilities.

To ensure adequate and timely support of the development program,
S&IDApollo Logistics will administer and provide surveillance for the over-
all material effort. Policies and procedures will provide efficient methods
for provisioning and expediting and for accountability and control of material

support. Through daily, weekly, and monthly reports originated at off-slte
locations and S&IDt Apollo Logistics will have adequate information to
initiate instantaneous resolution of impending problems and to ensure that
assets are provided as required.

I
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The scope of S&ID responsibilities at off-site facilities will comply

with existing company policies and procedures. The greatest level of support

will be required for th_ operations at the Atlantic Missile Range. Time will
be a critical factor, and the nature of the test operation will demand

immediate response to requirements for maintenance, parts replacement,

and emergency test support materlal. The Apollo test progratn at AM.R and
other test sites will require an adequate number of qualified supply support

personnel.; A complete stock of spares and material based on maintenance

concepts and test parameters will be provided at each site.

Direct air transport service will provide minimum turn-around time
for hardware items. An immediate-response communication system for

in-house and supplier support will be established. This system will be

designed to fulfill all requests for repl_cement parts and emergency test
support.

In compliance with the Apollo test program objectives, the warehouse

wil! receive, store, and disburse the materials and will maintain proper

and related accountability records.

Records of issue ratesm consumption data, and parts o_ hand will be

maintained. The stock room will be supplied with spares, GS_'-, supporting

partss anda current list of these items. Quantities, item numbers, part
numbers, nomenclature, and date of receipt will be recorded.

Pack_gingp Handling, and Transportation

S&ID will provide for packaging, handling, and transportation that will

effect safe and timely delivery of all hardware developed under the Apollo

program. To achieve this goal, the following policies will be complied with:

I. Maximum reliabilityand performance will be assured by pre-

venting deterioration and physical or mechanical damage during

transport, handling, and storage.

:_. Equipment will be protected as economically and efficiently as is
consistent with anticipated hazards of shipment and storage.

3. Handling costs will be minimized by use of packaging methods and

by use of containers of minimum weight and cubic displacement.



4• Packaging, handling, and transportation manuals will control the

procedures for preservation, packagings marking, handling,
loading, transportingp unloading, and storing.

5. The method of transportation selected wiU be compatible with the
delivery schedule and the environmental requirements of the

hardware to be delivered. Delivery on schedule will be a prime
requisite of this support plan.

A manual will be provided to specify methods and procedures for

packaging, handling, and transporting modules, major components delivered

separately, major items of GSE, and training equipment• The manual will

also specify procedures for preservation and environmental protection,

speeds and handling of transporters, procedures for truck loading and

unloading, method of tie-down including points of attachment and type of

snubbers, alignment and preparation of the C-133B aircrafts functions of

loading personnels and other procedures. These detailed methods and pro-
cedures will be based upon the environmental, shock, and vibration limi-

tations of the items being delivered and win ensure that the handling,
transport, and storage environments are controlled within established limits.

Modification, Repair, and Overhaul

To attain Project Apollo reliability goals and tc prevent costly dupli- " •

cation of test equipment, S&ID will perform modification, repair, and
overhaul using the same resources and personnel as for manufacture

wherever practicable. Hardware items that affect program reliability and
require corrective maintenance will generally be returned to S&ID
manufacturing.

The scope of repair and modification accomplished outside of S&ID

will depend on the test program criteria, the level of repair determined by
the maintenance plan, or the magnitude of the contemplated change. Test
program criteria include those tests which do not possess erld items that

will actually be used in the Apollo space missior.s, such as breadboard or
boilerplate equipment.

All components within S&ID responsibility that are damaged or that

malfunction or become _hsolete will be replaced through normal material

supply support channels. When replacement occurs at a test site_ disposition
of components will be determined by a material review board, and

components that are beyond the repair capability of local facilities will be
returned to S&ID for replacement.
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To minimize flow time of components through the repair cycle, each
responsible modification, repair, and overhaul section wilt maintain a

sufficient shelf stock of major spare parts, subassemblies, and modification

and overhaul (M/O) details. Stocked items will be continuously replenished
through normal requisition procedures.

Repair or modification of Government-furnished equipment (GFE) will
not be initiated without the prior approval of the responsible Government

agency. GFE rework will be accomplished by the manufacturer's repre-
sentative or, with approval, by the supplier' s service representative. All

overhatd, modification, or repair of subcontracted or supplied components
will be accomplished in close coordination with the supplier or his
representative.

Accurate consumption-data reporting will be required from each

modification, repair, and overhaul section so that reliability engineering

can analyze the causes of failure and determine methods for increasing
reliability without making unacceptable sacrifices to other equipment

characteristics. The causes of failure may involve basic design deficiencies,
environmental factors, methods of operation, interaction with other

equipment, handling, and fabrication techniques. Accurate consumption-data

reporting will also provide the spares disposition team with proper quali-
tative and quantitative information to maintain a realistic stock balance.

Support Manuals

S&ID will provide manuals to support flight-ratedhardware commencing _:
with the launch escape system installed in boilerplate 6.

Manuals will be written to the level of skilled technicians and

engineering personnel and will include the following categories :

Manual Purpose

Spacecraft Familiarization This manual will provide, in sufficient

and Description Manual detail, a functional understanding of
the installed spacecraft systems. The

manuals will be a series of documents,

and each document will be based upon

a specific spacecraft configuration.

Spacecraft Operations Manual This manual will include sequential

procedures for the launch, flight
support, and recovery teams.
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D Manual P o s c
U rp

Fli_ht Operations Manual This manual will include operational

instructions and sequential procedures

for the spacecraft crew during all

phases of flight.

Transportation and Handling The manual will include procedures

Manual and special requirements for transpor-

tation, handling, and storage of the

spacecraft and major items of GSE.

Systems Checkout Manuals , These manuals will include sequential
procedures required to accomplish

separate systems checkout, and will

be maintained current by updating

processes to support spacecraft

system configurations.

Combined Systems Checkout This manual will contain the sequential

Manual procedures required to conduct a com-

plete integrated systems checkout and

l_ will support each spacecraft configu-
m_

ration as required.

Integrated Spacecraft/Little The instructions will cover mating

Joe II Operations Manual procedures, compatibility testing,

propellant loading and monitoring,
countdown, recovery and other
instructions related to the functions.

Ground Support Equipment These manuals will include procedural
Maintenance Manuals instructions directly associated with

and required for the operation,

checkout, maintenance, repair, and
calibration of the GSE.

Spacecraft Equipment Repair Th_se manuals will include maintenance
Manuals and repair instructions for the

components of the command and service

modules, and spacecraft adapter.

Trainer Maintenance Manuals These manuals will include the

maintenance and procedural instructions

for the checkou% maintenance, repair,
"" and calibration for the trainer

equipment.
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Quality Assurance provisions for support manuals will include engi-
neering review to ensure technical accuracy and verification of technical

information and procedures utilizing operational cordigu-ations of systems
o-r equipments.

S&ID will provide a fast-reaction change program to include personnel

at test sit_9 to document procedural or instruction changes and to incorporate

contractors i facility-generated changes in support manuals used during test

operations. These changes and revisions will require S&ID and NASA
approval prior to implementation.

TRAINING PLAN

The Apollo training plan outlines the training requirements derived

from analyses of available systems, mission, and personnel information.

The training and associated support activities are described for flight crew,

flight operations, and preflight operations personnel without specifying
responsibility for implementation. The plan will be revised as additional

data become available to detail all Apollo training activities. When they are

defined, the areas of responsibility for conducting all types of training will

also be included. In its later revisions, the plan will be both a compendium

of Apollo training and a scheduling document to assure program continuity
and integration.

Program Scope

The activities essential to accomplish Apollo program objectives

require a well-organized training program to ensure total reliability of

performance. Training and training support for both flight and ground
personnel will be required.

Flight Crew Training

The three members of the -flight crew will require training in individual
functions, in crew procedures for the mission, and in combined mission

exercises with the ground personnel.

Ground Personnel Training

Two major groups of personnel will require training: flight operations

personnel (control center_ flight controller, and ground operation support

systems (GOSS) personnel) will require training for Individual proficiency,
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interface training between flight controllers and remote site personn_l, and

integrated training of all three groups with the flight crews. Preflight

spacecraft maintenance and checkout personnel will be trained for each
specific spacecraft.

• Training Support

Training equipment, devices, and aids; training planning information

and the training plan; training manuals and exercises; personnel; and facili-

ties will be required to support the Apollo training program.

Program Approach

Successful mission accomplishment will require effective individual

and group training in varied specialities, and combined training practice

for each mission. A detailed training program has been planned to meet

these requirements. Figure 128 iUustrates an analysis sequence to process

input information to produce programmed data, and Figure 129 shows

analysis of programmed data to determine specific training requirements.
With the total learning process defined for all functions and tasks, course

syllabi wiU be definitized. Instructor manuals and training exercises will

be keyed to the course syllabi.

Flight Crew Trainin 8

The astronaut training for Apollo requires careful programming and

maximum flexibility for the most effective use of training time available for

each crew member, each crew, and the complex of flight and ground person-

nel required for mission exercises.

Requirements

The program will provide the following training objectives:

I. Develop crew proficiency in all normal and emergency functions

2. Provide all possible experience in relevant environmental
conditions

3. Develop efficient crew procedures and interactions

4. Develop coordination with ground personnel supporting the mission

e
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®
TRAINING ANALYSISOF PROGRAMMEDDATA TO:

• DETERMINETRAINING REQUIREMENTSBY
POSITION FORFLIGHTAND GROUND
CREWPERSONNEL

• DEFINETHETOTALTRAINING PROCESS
(SEQUENCEAND METHODS)FORATTAINING
PROFICIENCYIN THEREQUIREDFUNCTIONS

qV

TRAINING PLANNING TRAINING MEDIA
INFORMATION REQUIREMENTS

EQUIPMENTt DEVICESrAND
COURSESYLLABI RECOMMENDATIONS

i

COURSEMATERIAL
INCLUDING MANUALSAND A _ SPECIFICITEMS_lB Im

TRAINING EXERCISES

i i

I" ]TRAINING FORFLIGHT-GROUND
MONITOR AND MAINTENANCE PERSONNEL

I i I I

i:

Figure IZg. Training Analysis of Programmed Data
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0 The types of training recommended are as follows:

1. Scientific and technical preparation to reinforce each individt_al I s

experience and knowledge

2. Environmental training and conditioning for stress environments

3. Physical conditioning

4. Familiarization with Apollo mission objectives, spacecraft, and

crew performance requirements

5. Recovery and survival training for normal and emergt_/_cy
s ituations

6. Spacecraft systems training

7. Crew training in the performance of all mission tasks

8. Preflight procedural training

0 Program Planning and Coordination

It is recommended that requirements for training the flightcrew

members be divided into logical units of training. Each unit should be

planned as an entity with any prerequisites for learning the unit indicatt.d.
The logic of learning a system is shown in Figure 130 with nonsequt'ntial
units of training designated. Breaks in training between units can I,e made

as necessary for other activities. Unit training will facilitate program

planning for training with maximum flexibility for individual rL.quiremcnts.
Other advantages include effective use of time through individual sch_.duling,
elimination of over-training and lack of training {individual nt.ed for more

or less training times on a unit can be arranged), and maximum utili=ation
of trainers will be programmed to avoid delays in training.

Ground Personnel Trainin_

To facilitate training for various personnel, ground personnel training

has been divided in two categories: (1) flight operations training and

(Z) preflight operations or spacecraft maintenance and checkout training.
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IO
Flight Operations Training

This training involves three groups of personnel whoso activities must

be closely integrated.

1. The mission control center directors, flight controllers, and
monitors at the launch site

2. The flight controllers at the remote sites

3. The GOSS network facility supervisors, operators, and maintenance

personnel

This training involves individual systems and procedures training, interface

training between the flight controllers and GOSS network personnel, and
integrated training of all three groups with the Apollo flight crews.

Preflight Operations Training

The maintenance and checkout of the spacecraft will require trainlr_g

related to all systems and GSE. Training wiU be required for contractor,

IA the subcontractor, and the NASA engineering and technical personnel

assigned to perform preflight operations tasks. The training will include

maintenance and checkout of the spacecraft systems, the maintenance and

operation of the control and monitor consoles, and the use of the spacecraft

handling equipment. Where system interfaces exist, personnel will be

cross-trained as necessary.

Training Equipment

A complete package of training equipment will be required to support

the training program. This package will include simulators, and training

"_devices, aids, attachments, accessories, GS_E, and,arts adjudged most

appropriate and effective. Training equipment requirements are based upon

mission-related analyses of flightcrew, flight operations, and preflight

crew personnel performance requirements.

Identification of Apollo Training Equipment

The detailed design for major items of training equipment reflects

mission, system, and human performance analyses. This equipment will

be supplemented by other training media as task performance and training

analysis data are refined.
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Major items of training equipment identified at the present time may

be classified into three categories: (I) systems trainers, (Z) part-task

trainers, and (3) the Apollo flight trainer.

The Apollo trainers will be designed to facilitate the transfer of

knowledge and attainment of proficiency required for understanding the major

systems and to perform in=flight and preflight tasks and procedures relative

to operation, maintenance, checkout, and systems management of the Apollo

spacecraft and its integral systems.

Trainer Scheduling

The schedule for use of trainer items is based upon the first manned
orbital flight. Systems trainers will be used first for HAA and NASA

training, part-task trainers will be used for flight crew training, and finally

the flight trainer will be used for astronaut and Flight operations personnel

training.

Trainer Maintenance

Flight trainer and part-task trainer maintenance will be accomplished

on a routine basis during stand-down of the equipment from operational

status. This maintenance will normally be accomplished at night to permit

maximum trainer utilization during daylight hours. Maintenance of systems

trainers will be limited to routine servicing requirements and normal upkeep.

These trainers will be operated until a failure occurs and repair is necessary.
Since systems trainers will be composed primarily of hardware identical to

that contained in spacecraft and GSE systems, checkout and repair will

follow those procedures established for spacecraft operations.

Supply Support for Trainers

A detailed specification is being prepared to delineate the methods for

provisioning trainer support parts specifically for trainer use. The extent

to which simulation is incorporated in the flight trainer and part-task trainer

design will determine the special consideration that must be given to support

parts procurement of peculiar items designed into the simulation systems.

Spacecraft and GSE systems components designed for operationa_ use will

also be incorporated in the trainers, and support parts will be functionally
reliable and comparable to operational hardware.
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NASA Facility Support

Trainer maintenance will require considerable base support from NASA

facilities. Metrology support will be especially critical; all primary and

secondary standards for calibration within the trainers will be obtained from
NASA on-site laboratories. NASA base shops will also be utilized for hydro-

mechanical, hydropneumatic, and structural repairs. There will be no

requirement for S&ID maintenance and repair areas outside the training

complex.

Trainer Modification

Trainer modification and updating will be accomplished whenever

necessary. Trainer modification will be timed to coincide with the special-

ized training required for spacecraft in which personnel are scheduled to
be launched. Modification will normally be accomplished with factory-
furnished kits.

Trainin G Documentation

Training Plan .... .':

in a mission and for the development of coordinated training equipment, aids,

and media, the Apollo training plan will describe the training requirements

for the entire Apollo program. Individual, crew, and combined training will
be defined for the flight crew operations, flight operations, and preflight

operations personnel. Phasing of training, training equipment, aids
materials, manuals, and training support functions will be shown for each

effort and for the coriabined training for the missions.

Instructor Manuals

To assure consistent and complete use of the Apollo training equipment,

an instructor Is manual will be prepared for the trainers. Each manual will

include operating instructions for both the instructor and the trainee. The ._
complete capability of the trainer will be explained; and a recommended

syllabus of exercises, either available or capable of being programmed by
the instructor, will be included.
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•Facilities

Facility requirements at S_ID, Downey, California, have been planned

to conform with existing information. The total area required to support

: the training program is 16,200 square feet and became available for occupancy
I 1 October 1962. The training area is sufficient to house 75 students,

_ ' 50 training personnel, and programmed training equipment. S&ID training
facilities wilt also be available to NASA, subcontractor, and associate

I_:: contractor personnel as needed. As additional information becomes available

and training requirements are reevaluated, specific data (e.g., classroom

_i_( . configuration, Lighting, acoustics, air conditioning, and power requirements)

_: : will be specified.
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